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Objective:	  Gluten,	  a	  protein	  found	  in	  wheat,	  rye	  and	  barley	  has	  been	  linked	  to	  the	  inflammatory	  
response	  of	  the	  GI	  tract	  in	  individuals	  with	  Celiac	  Disease,	  non-­‐celiac	  gluten	  sensitivity,	  and	  in	  
some	  cases	  irritable	  bowel	  syndrome	  (IBS).	  Several	  factors	  have	  contributed	  to	  the	  increase	  in	  
these	  gluten-­‐related	  disorders	  in	  recent	  years,	  including	  improved	  medical	  diagnosis,	  public	  
awareness	  of	  the	  disease,	  changes	  in	  the	  composition	  of	  wheat	  due	  to	  modern	  agricultural	  
technologies	  and	  perceived	  health	  benefits	  from	  following	  a	  gluten-­‐free	  diet.	  The	  purpose	  of	  
this	  research	  was	  to	  examine	  the	  knowledge,	  behaviors	  and	  adherence	  to	  a	  gluten-­‐free	  diet	  by	  
individuals	  with	  a	  medical	  diagnosis	  versus	  those	  who	  self-­‐diagnose	  themselves,	  and	  the	  
nutritional	  consequences	  of	  following	  a	  gluten-­‐free	  diet.	  	  
Methods:	  A	  survey	  instrument	  consisting	  of	  forty-­‐three	  questions	  was	  designed	  to	  collect	  data.	  
The	  self-­‐administered	  questionnaire	  was	  distributed	  online	  using	  Qualtrics	  Survey	  Software	  and	  
was	  made	  available	  to	  participants	  throughout	  Syracuse	  University	  from	  January	  26,	  2015	  to	  
February	  9,	  2015.	  
Results:	  Two	  hundred	  and	  eighteen	  individuals	  completed	  the	  questionnaire.	  Of	  these	  
respondents,	  seventy-­‐three	  individuals	  reported	  a	  gluten	  sensitivity/intolerance	  diagnosis,	  of	  
whom	  63%	  (n=46)	  identified	  as	  self-­‐diagnosed	  and	  37%	  (n=27)	  were	  medically	  diagnosed.	  	  
Conclusion:	  There	  are	  several	  reasons	  why	  individuals	  choose	  to	  follow	  a	  gluten-­‐free	  diet	  (GFD).	  
A	  GFD	  requires	  education	  and	  knowledge	  of	  gluten	  containing	  foods.	  Strict	  adherence	  of	  a	  GFD	  
is	  challenging	  and	  may	  cause	  several	  nutritional	  deficiencies.	  However,	  a	  GFD	  can	  be	  
wholesome	  and	  nutrient	  dense	  provided	  it	  is	  well	  planned	  under	  the	  supervision	  of	  a	  qualified	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Chronic	  disease	  is	  defined	  as	  a	  long-­‐term	  degenerative	  condition	  that	  can	  be	  controlled	  through	  
lifestyle	  and	  dietary	  management	  (1).	  According	  to	  the	  Centers	  for	  Disease	  Control,	  chronic	  
diseases	  affect	  more	  than	  90	  million	  Americans,	  accounting	  for	  70%	  of	  all	  deaths	  in	  the	  United	  
States,	  an	  estimate	  of	  1.7	  million	  deaths	  each	  year	  (2).	  According	  to	  data	  from	  the	  World	  Health	  
Organization,	  chronic	  disease	  also	  affects	  populations	  worldwide,	  especially	  low	  and	  middle-­‐
income	  countries	  that	  lack	  the	  required	  policy	  and	  healthcare	  infra-­‐structure	  to	  prevent	  and	  
control	  such	  conditions	  (3).	  Chronic	  diseases	  are	  also	  among	  the	  most	  costly	  health	  problems	  in	  
the	  United	  States,	  accounting	  for	  75%	  of	  the	  nation’s	  medical	  care	  costs	  (2).	  	  
	  
Although	  they	  cannot	  be	  cured,	  chronic	  diseases	  are	  among	  the	  most	  preventable.	  Many	  
chronic	  diseases	  can	  be	  effectively	  controlled	  through	  appropriate	  dietary	  and	  lifestyle	  
interventions	  (1).	  It	  is	  estimated	  that	  at	  least	  60%	  of	  chronic	  diseases	  can	  be	  prevented	  by	  
eating	  a	  healthier	  diet	  (2).	  Chronic	  diseases	  are	  usually	  the	  result	  of	  interactions	  between	  
behaviors	  that	  increase	  disease	  risk,	  such	  as	  smoking	  tobacco,	  alcohol	  use,	  consuming	  an	  
unhealthy	  diet,	  physical	  inactivity	  and	  individual	  genetic	  predispositions.	  These	  latter	  risk	  
factors	  give	  rise	  to	  intermediate	  conditions	  such	  as	  obesity,	  high	  blood	  pressure	  and	  abnormal	  
lipid	  and	  glucose	  metabolism	  (3).	  Globally,	  the	  leading	  chronic	  diseases	  include:	  cardiovascular	  
diseases,	  cancer,	  Alzheimer’s	  disease,	  asthma,	  diabetes,	  hypersensitivity	  and	  autoimmune	  
diseases	  (1).	  Of	  these,	  hypersensitivity	  is	  among	  the	  most	  common	  chronic	  conditions	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worldwide	  affecting	  an	  estimated	  40%	  of	  the	  world’s	  population	  (4).	  In	  the	  United	  States	  
hypersensitivity	  affects	  over	  50	  million	  Americans	  (4).	  Hypersensitivity,	  otherwise	  known	  as	  an	  
allergy,	  “occurs	  when	  extrinsic	  antigens	  (allergens)	  are	  recognized	  by	  presensitized	  individuals”,	  
making	  allergies	  the	  sixth	  leading	  cause	  of	  chronic	  disease	  (5).	  	  
	  
According	  to	  the	  National	  Institutes	  of	  Health	  and	  the	  American	  Autoimmune	  Related	  Diseases	  
Association,	  it	  is	  estimated	  that	  23.5	  million	  Americans	  suffer	  from	  autoimmune	  diseases	  (6).	  
Autoimmune	  disease	  is	  defined	  as	  a	  condition	  in	  which	  the	  body	  produces	  antibodies	  that	  
attack	  its	  own	  tissues,	  leading	  to	  its	  deterioration	  and	  destruction	  (5).	  A	  close	  genetic	  
relationship	  is	  known	  to	  exist	  among	  autoimmune	  diseases,	  which	  may	  explain	  the	  clustering	  in	  
individual	  and	  families.	  Autoimmune	  diseases	  are	  among	  the	  top	  ten	  leading	  causes	  of	  death	  in	  
female	  children	  and	  women	  in	  all	  age	  groups	  up	  to	  64	  years	  of	  age	  (6).	  	  
	  
In	  addition	  to	  hypersensitivity	  and	  autoimmune	  diseases,	  gastrointestinal	  diseases	  (GI)	  have	  
also	  been	  linked	  to	  many	  chronic	  diseases	  affecting	  individuals	  nationwide.	  According	  to	  the	  U.S	  
Department	  of	  Health	  and	  Human	  Services,	  GI	  diseases	  have	  been	  estimated	  to	  affect	  more	  
than	  70	  million	  people	  in	  the	  Unites	  States.	  GI	  diseases	  include	  chronic	  constipation,	  hiatal	  
hernias,	  ulcers,	  irritable	  bowel	  diseases	  such	  as	  Crohn’s	  disease	  and	  ulcerative	  colitis,	  
gallstones,	  irritable	  bowel	  syndrome	  and	  Celiac	  Disease	  (5,	  7).	  More	  than	  35.9	  million	  physician	  
office	  visits	  are	  related	  to	  GI	  disease	  costing	  about	  $141.8	  billion	  of	  the	  U.S	  healthcare	  budget	  
(7).	  Other	  forms	  of	  GI	  dysfunction	  currently	  being	  studied	  include	  conditions	  such	  as	  	  “leaky	  gut	  
syndrome.”	  “Leaky	  gut,”	  otherwise	  known	  as	  chronically	  increased	  intestinal	  permeability,	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allows	  for	  movement	  of	  microbial	  and	  dietary	  antigens	  in	  and	  out	  of	  the	  gut.	  The	  increased	  
permeability	  has	  been	  linked	  to	  several	  autoimmune	  conditions	  such	  as	  Celiac	  Disease,	  irritable	  
bowel	  syndrome,	  and	  more	  recently	  gluten	  sensitivity	  (8).	  It	  is	  estimated	  that	  between	  0.7-­‐1%	  
of	  the	  US	  population	  is	  affected	  by	  Celiac	  Disease	  and	  15.3	  million	  people	  are	  affected	  by	  
Irritable	  Bowel	  Syndrome	  (7).	  Currently,	  it	  is	  difficult	  to	  estimate	  the	  prevalence	  of	  gluten	  
sensitivity	  because	  there	  is	  no	  definitive	  diagnostic	  test	  for	  it	  (5).	  
	  
All	  chronic	  diseases	  share	  the	  pathophysiologic	  mechanism	  of	  inflammation	  as	  an	  underlying	  
cause	  of	  disease.	  Inflammation	  is	  the	  response	  of	  the	  body’s	  immune	  system’s	  to	  stimuli	  such	  
as	  environmental	  or	  food	  allergens.	  Causes	  of	  inflammation	  include	  pathogens	  such	  as	  bacteria	  
or	  viruses,	  external	  injuries	  like	  scrapes,	  effects	  of	  chemicals	  or	  radiation	  and	  diseases	  (5).	  An	  
acute	  inflammatory	  response	  takes	  place	  within	  minutes	  to	  hours	  and	  is	  usually	  in	  response	  to	  
bacterial	  or	  viral	  stimuli.	  Chronic	  inflammation	  develops	  slowly	  and	  lasts	  a	  long	  time.	  It	  is	  the	  
response	  to	  persistent	  injuries,	  prolonged	  exposures	  to	  toxic	  agents,	  and	  autoimmune	  diseases.	  
Mediators	  of	  inflammation	  in	  chronic	  diseases	  include	  C-­‐reactive	  protein	  (CRP),	  interleukin-­‐6	  
(IL-­‐6),	  tumor	  necrosis	  factor	  (TNF),	  E-­‐selectin,	  prostaglandin	  E2	  (PGE2)	  and	  most	  of	  the	  even	  
series	  prostaglandins	  (series	  2,	  series	  4),	  cell	  adhesion	  molecules	  (CAM)	  and	  transcription	  
factors	  (9).	  These	  mediators	  play	  an	  important	  role	  “in	  the	  balance	  between	  pro-­‐inflammatory	  
and	  anti-­‐inflammatory	  responses	  (9)”.	  The	  role	  of	  inflammation	  in	  chronic	  diseases,	  especially	  
in	  GI	  conditions	  such	  as	  hypersensitivities	  (e.g.	  wheat	  allergies),	  food	  intolerances	  such	  as	  
gluten	  sensitivity,	  and	  autoimmune	  disorders	  such	  as	  Celiac	  Disease,	  depends	  on	  the	  level	  and	  




Gluten,	  a	  protein	  found	  in	  wheat,	  rye	  and	  barley	  has	  been	  linked	  to	  the	  inflammatory	  response	  
of	  the	  GI	  tract	  in	  individuals	  with	  gluten	  sensitivity	  and	  Celiac	  Disease.	  These	  gluten-­‐related	  
disorders	  have	  increased	  in	  recent	  years.	  Several	  factors	  have	  contributed	  to	  this	  increase.	  
These	  include	  improved	  medical	  diagnosis,	  public	  awareness	  of	  the	  disease,	  changes	  in	  the	  
composition	  of	  wheat	  due	  to	  modern	  agricultural	  technologies,	  perceived	  health	  benefits	  from	  
following	  a	  gluten-­‐free	  diet	  and	  an	  exponential	  increase	  in	  gluten-­‐free	  products	  in	  the	  market.	  
These	  factors	  have	  influenced	  individuals	  to	  alter	  their	  lifestyles,	  and	  consequently	  it	  has	  
become	  more	  challenging	  to	  distinguish	  between	  individuals	  who	  select	  gluten-­‐free	  diets	  based	  
on	  a	  medical	  diagnosis	  of	  gluten	  sensitivity	  and	  Celiac	  Disease	  versus	  those	  who	  self-­‐diagnose	  
themselves	  with	  these	  diseases	  and	  self-­‐manage	  with	  a	  gluten-­‐free	  diet.	  The	  purpose	  of	  this	  
research	  is	  to	  examine	  the	  knowledge	  and	  behaviors	  of	  individuals	  following	  a	  gluten-­‐free	  diet	  
based	  on	  a	  medical	  diagnosis	  versus	  those	  who	  self-­‐diagnose.	  The	  dietary	  consequences	  of	  
following	  a	  gluten-­‐free	  diet	  are	  also	  of	  interest.	  	  
	  
2.	  BACKGROUND	  
2.1	  Hypersensitivity	  (Allergy)	   	  
In	  conventional	  medicine,	  hypersensitivity	  or	  an	  allergy,	  is	  defined	  as	  a	  cascade	  of	  biochemical	  
reactions	  in	  predisposed	  individuals	  that	  result	  in	  specific	  physical	  symptoms	  such	  as	  sneezing,	  
wheezing,	  and	  bronchoconstriction	  (9).	  Allergy	  is	  a	  two-­‐step	  process	  that	  consists	  of	  an	  initial	  
stage	  of	  sensitization,	  where	  the	  “individual	  develops	  significant	  amounts	  of	  immunoglobulin	  E	  
(IgE)	  antibodies	  against	  an	  inhaled,	  ingested	  or	  injected	  substance”	  followed	  by	  a	  second	  stage	  
5 
 
of	  reactivity	  (9).	  The	  newly	  created	  IgE	  antibodies	  adhere	  to	  circulating	  blood	  basophils	  or	  mast	  
cells	  located	  in	  the	  mucosal	  layers	  of	  the	  skin,	  gastrointestinal	  tract,	  and	  respiratory	  system	  (9).	  
An	  individual	  is	  considered	  sensitized	  after	  sufficient	  levels	  of	  IgE	  antibodies,	  directed	  against	  a	  
specific	  substance	  have	  been	  created	  and	  adhered	  to	  the	  surface	  of	  these	  cells	  	  (9).	  For	  this	  
reason	  allergic	  reactions	  are	  seldom	  seen	  during	  the	  first	  exposure	  to	  the	  allergen	  (5).	  The	  
second	  phase	  of	  this	  process	  is	  the	  reactive	  stage.	  When	  a	  sensitized	  individual	  is	  exposed	  to	  
the	  allergen	  repeatedly,	  the	  IgE	  molecules	  cross-­‐link	  creating	  a	  “bridging	  phenomenon”	  that	  
induces	  changes	  within	  the	  cell	  and	  ultimately	  lead	  to	  the	  release	  of	  chemical	  mediators	  such	  as	  
histamine	  (9).	  	  
	  
British	  Immunologists	  Gell	  and	  Coombs	  classified	  allergic	  reactions	  into	  four	  categories:	  Type	  I,	  
II	  and	  III	  are	  allergic	  responses	  that	  involve	  antibodies	  and	  are	  considered	  immediate	  
hypersensitivities.	  Typical	  reaction	  time	  is	  between	  20-­‐30	  minutes	  for	  Type	  1,	  5-­‐8	  hours	  for	  
Type	  II	  and	  2-­‐8	  hours	  for	  Type	  III	  (5).	  Type	  IV	  reactions	  are	  delayed	  driven	  by	  T-­‐cells	  and	  occur	  
between	  one	  to	  three	  days	  (5).	  Additionally,	  IgE	  allergies	  (Type	  I)	  have	  a	  genetic	  component	  and	  
usually	  involve	  reactions	  to	  food	  and	  respiratory	  allergens	  such	  as	  pollen,	  spores,	  animal	  dander	  
and	  dust	  that	  diffuse	  across	  the	  mucous	  membrane	  of	  nasal	  passages	  and	  activate	  mucosal	  
mast	  cells	  (5).	  If	  a	  food	  containing	  an	  allergen	  is	  ingested,	  activation	  of	  mucosal	  mast	  cells	  can	  
cause	  oral	  inflammation,	  canker	  sores,	  cramps,	  nausea,	  diarrhea,	  gas	  and	  hives.	  The	  most	  
severe	  reaction	  is	  known	  as	  anaphylactic	  shock,	  which	  can	  be	  fatal	  (5).	  Wheat	  allergy	  is	  an	  




2.2	  Adverse	  Reactions	  to	  Food:	  Food	  Allergy	  vs	  Food	  Intolerance	  	  
The	  National	  Institute	  of	  Allergy	  and	  Infectious	  Diseases	  reports	  that	  one	  in	  25	  adults	  has	  a	  food	  
allergy	  (10).	  The	  term	  allergy	  is	  often	  used	  to	  describe	  all	  adverse	  reactions	  to	  food.	  Food	  
intolerance	  and	  food	  allergy,	  however,	  are	  different	  despite	  the	  similarity	  of	  symptoms.	  These	  
similarities	  necessitate	  differentiation	  (4).	  	  A	  food	  allergy	  is	  “an	  immunologically	  based	  
abnormal	  response	  to	  food”	  (5).	  Individuals	  with	  an	  inherited	  susceptibility	  to	  a	  specific	  food	  
will	  produce	  IgE	  in	  response	  to	  the	  proteins	  that	  cross	  the	  gastrointestinal	  lining	  that	  will	  attach	  
to	  mast	  cells	  (5).	  This	  interaction	  causes	  the	  release	  of	  histamine	  with	  successive	  exposures	  (5).	  
In	  extreme	  cases	  such	  as	  food-­‐initiated	  anaphylaxis,	  histamine	  causes	  constriction	  of	  the	  
airways,	  dilation	  of	  blood	  vessels	  and	  fluid	  leakage	  from	  the	  bloodstream	  to	  tissues	  (5).	  In	  
contrast,	  food	  Intolerance	  has	  been	  defined	  by	  some	  experts	  as	  “an	  abnormal	  reaction	  to	  food	  
that	  is	  not	  immune	  mediated”	  as	  in	  the	  case	  of	  lactose	  intolerance,	  monosodium	  glutamate	  
(MSG)	  and	  gluten	  sensitivity	  (5).	  Others	  define	  food	  intolerance	  as	  any	  adverse	  physiological	  
response	  to	  a	  food	  product	  that	  may	  be	  classified	  as	  immune	  or	  non-­‐immune,	  structural	  or	  
functional	  (9),	  which	  is	  an	  indication	  that	  further	  research	  is	  needed	  in	  this	  area.	  	  
	  
There	  are	  several	  mechanisms	  that	  have	  been	  proposed	  by	  which	  foods	  influence	  
inflammation.	  Of	  the	  proposed	  mechanisms,	  greater	  Intestinal	  permeability,	  otherwise	  known	  
as	  “leaky	  gut”	  has	  been	  noted	  to	  occur	  due	  to	  a	  number	  of	  factors	  that	  include:	  inflammation,	  
exposure	  to	  medications,	  shifts	  in	  composition	  of	  the	  intestinal	  microflora,	  and	  presence	  of	  
various	  disease	  states	  such	  as	  celiac	  disease	  and	  most	  recently	  gluten	  sensitivity	  (9).	  Epithelial	  
cells,	  gut	  dendritic	  cells,	  and	  various	  T-­‐cells	  aid	  in	  the	  regulation	  of	  intestinal	  immunity.	  One	  of	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the	  main	  functions	  of	  T-­‐cells	  is	  to	  allow	  tolerance	  development.	  When	  this	  process	  breaks	  
down,	  certain	  foods	  provoke	  symptoms	  (9).	  In	  healthy	  individuals,	  antigens	  and	  large	  molecules	  
are	  unable	  to	  cross	  from	  the	  intestinal	  tract	  into	  the	  bloodstream.	  However	  in	  individuals	  with	  
“leaky	  gut”,	  molecules	  that	  would	  normally	  be	  too	  large	  to	  pass	  from	  the	  intestinal	  tract	  to	  the	  
bloodstream	  are	  suddenly	  able	  to	  do	  so,	  eliciting	  a	  number	  of	  negative	  physiological	  effects	  (9).	  	  
	  
It	  has	  also	  been	  proposed	  that	  “many	  cases	  of	  food	  intolerance	  may	  be	  tied	  to	  the	  overall	  
process	  of	  toxicant-­‐induced	  loss	  of	  tolerance,	  which	  is	  thought	  to	  be	  precipitated	  not	  only	  by	  
foods	  but	  by	  inhalants,	  chemical	  exposures,	  and	  electrical	  stimuli”	  (9).	  In	  other	  words,	  
environmental	  factors	  and	  the	  technological	  changes	  in	  the	  production	  and	  processing	  of	  food	  
may	  be	  a	  cause	  for	  increased	  food	  intolerances.	  Moreover,	  experts	  have	  agreed	  that	  the	  degree	  
to	  which	  gluten-­‐related	  disorders	  are	  increasing,	  cannot	  be	  explained	  solely	  by	  genetic	  factors	  
or	  increased	  recognition	  of	  the	  disease,	  thereby	  suggesting	  a	  strong	  role	  of	  environmental	  
factors	  in	  the	  development	  of	  disease	  (11).	  	  
	  
2.3	  Autoimmunity	  
Autoimmune	  disease	  occurs	  when	  the	  body’s	  immune	  system	  attacks	  and	  destroys	  healthy	  
tissue	  by	  forming	  antibodies	  that	  attack	  the	  antigens	  in	  white	  blood	  cells	  (12).	  Autoimmune	  
diseases	  affect	  between	  5%-­‐7%	  of	  adults	  in	  Europe	  and	  North	  America	  and	  are	  most	  common	  in	  
older	  people	  (5).	  Autoimmune	  diseases	  also	  have	  a	  strong	  tendency	  to	  run	  in	  families,	  with	  an	  
estimated	  40%	  chance	  that	  a	  family	  with	  one	  affected	  adult	  will	  have	  another	  family	  member	  
who	  is	  also	  affected,	  demonstrating	  that	  genetic	  factors	  are	  clearly	  involved	  in	  these	  diseases	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(5).	  Further,	  women,	  especially	  those	  of	  African-­‐American,	  Hispanic-­‐American	  and	  Native-­‐
American	  descent,	  have	  a	  higher	  risk	  for	  autoimmune	  disease	  (12).	  Examples	  of	  autoimmune	  
disease	  include	  Type	  1	  diabetes	  mellitus,	  Dermatitis	  herpetiformis	  (DH)	  and	  Celiac	  Disease.	  	  
Individuals	  may	  have	  more	  than	  one	  autoimmune	  disease,	  one	  of	  the	  most	  common	  being	  
Celiac	  Disease	  (5).	  	  
	  
3.	  GLUTEN	  
3.1	  Background	   	  
Gluten	  is	  a	  glycosylated	  protein	  found	  in	  wheat,	  rye	  and	  barley.	  Though	  it	  is	  insoluble	  in	  water,	  
gluten	  molecules	  have	  the	  ability	  to	  form	  associations	  with	  water	  molecules	  and	  with	  each	  
other	  (13).	  The	  main	  gluten	  proteins	  are	  gliadins	  and	  glutenins,	  which	  are	  long	  chains	  of	  amino	  
acids.	  When	  the	  proteins	  are	  dry,	  they	  are	  immobile	  and	  inert,	  however	  when	  introduced	  to	  
water	  they	  can	  change	  their	  shape,	  move	  closer	  to	  each	  other	  and	  form	  bonds	  (13).	  The	  gliadin	  
chains	  fold	  onto	  themselves	  to	  form	  weak	  bonds	  with	  each	  other	  and	  with	  glutenin	  proteins.	  
However,	  the	  glutenins	  bond	  with	  each	  other	  forming	  extensive	  tight	  networks	  (13).	  	  Gluten	  
plasticity	  or	  its	  chewy	  texture	  results	  from	  the	  presence	  of	  gliadin	  proteins	  among	  the	  glutenins	  
(13).	  	  
	  
3.2	  Changes	  in	  Composition	  of	  Gluten	  Related	  to	  Agricultural	  Production	  
There	  are	  many	  factors	  that	  affect	  the	  production	  of	  bread,	  from	  the	  types	  of	  grains	  harvested	  
to	  make	  flour	  to	  the	  milling	  and	  baking	  methods.	  Additionally,	  the	  different	  parts	  of	  the	  wheat	  
kernel	  contribute	  to	  the	  overall	  quality	  and	  nutritional	  composition	  of	  bread.	  Of	  the	  8,000	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species	  in	  the	  grass	  family,	  only	  a	  handful	  play	  a	  significant	  role	  in	  the	  human	  diet	  (13).	  The	  
major	  Euraisan	  cereals	  -­‐	  wheat,	  barley,	  rye	  and	  oats-­‐	  grew	  wild	  on	  the	  temperate	  high	  planes	  of	  
the	  Near	  East	  (13).	  	  
	  
The	  edible	  portion	  of	  cereal	  plants	  (grain	  or	  kernel)	  is	  actually	  a	  fruit	  “whose	  ovary-­‐derived	  
layer	  is	  very	  thin	  and	  dry”	  (13).	  The	  fruit	  tissue	  consists	  of	  a	  layer	  of	  epidermis	  and	  several	  thin	  
layers	  that	  include	  the	  aleurone	  layer	  where	  oils,	  minerals,	  protein,	  vitamins,	  enzymes,	  and	  
flavor	  are	  stored	  (13).	  This	  layer	  is	  the	  outer	  layer	  and	  the	  only	  living	  layer	  of	  the	  endosperm.	  
The	  embryo	  of	  the	  cell	  commonly	  known	  as	  the	  germ	  is	  at	  the	  base	  of	  the	  fruit	  and	  contains	  
oils,	  enzymes	  and	  flavor	  (13).	  The	  endosperm	  is	  most	  commonly	  the	  only	  part	  of	  the	  grain	  
consumed.	  The	  germ	  and	  bran	  account	  for	  most	  of	  the	  fiber,	  oil	  and	  B	  vitamins	  in	  the	  whole	  
grain	  as	  well	  as	  25%	  of	  its	  protein.	  However	  these	  parts	  of	  the	  grain	  are	  frequently	  removed	  in	  
refining.	  Refined	  grains	  are	  easier	  to	  cook,	  chew,	  and	  are	  more	  attractive	  in	  color	  (13).	  	  In	  the	  
case	  of	  flour,	  the	  high	  lipid	  concentration	  of	  the	  germ	  and	  bran	  shorten	  the	  shelf	  life	  of	  whole-­‐
grain	  flours	  because	  the	  oils	  are	  susceptible	  to	  oxidation	  and	  develop	  rancid	  flavors	  in	  a	  short	  
period	  of	  time	  (13).	  For	  this	  reason	  most	  refined	  cereals	  are	  fortified	  with	  B	  vitamins	  and	  iron	  in	  
order	  to	  compensate	  for	  the	  nutrient	  loss.	  	  
	  
Wheat	  is	  a	  hybrid	  of	  different	  types	  of	  grass	  that	  have	  been	  crossed-­‐pollinated	  since	  ancient	  
times.	  The	  oldest	  known	  type	  of	  ancient	  wheat	  is	  einkorn,	  a	  14-­‐chromosome	  diploid	  wheat	  (14).	  
Historically,	  ancient	  grains	  were	  low	  in	  protein,	  ranging	  between	  1-­‐11%	  (13).	  This	  ancient	  
wheat,	  due	  to	  a	  lower	  chromosome	  count,	  had	  lower	  levels	  of	  gliadin,	  the	  protein	  linked	  with	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gluten	  sensitivity.	  Today,	  there	  are	  numerous	  varieties	  of	  wheat	  including	  US	  #1	  hard	  red	  winter	  
wheat	  and	  soft	  white	  wheat.	  These	  new	  types	  of	  wheat	  have	  a	  higher	  protein	  content	  (≈13-­‐
16%),	  and	  therefore	  more	  gluten.	  Higher	  protein	  wheat	  is	  ideal	  for	  mass	  production	  of	  breads	  
because	  it	  is	  more	  forgiving	  in	  the	  baking	  process;	  but	  this	  may	  also	  be	  a	  contributing	  factor	  to	  
the	  rise	  in	  gluten-­‐related	  disorders	  (13).	  	  
	  
Molber	  et	  al	  (14)	  in	  a	  study	  on	  the	  evolution	  of	  wheat	  and	  its	  genetic	  composition	  extracted	  
wheat	  proteins	  and	  tested	  them	  for	  T-­‐cell	  stimulatory	  gluten	  peptides	  (14).	  An	  interesting	  
finding	  of	  these	  researchers	  was	  that	  the	  fragments	  found	  to	  stimulate	  T-­‐cell	  gluten	  peptides,	  
which	  are	  the	  precursors	  to	  gluten	  sensitivity	  and	  Celiac	  Disease,	  were	  encoded	  in	  a	  specific	  
chromosome	  that	  is	  absent	  from	  ancient	  einkorn	  wheat	  (14).	  Recent	  research	  also	  shows	  that	  
the	  increase	  of	  chromosomes	  to	  tetraploids	  	  (28	  chromosomes	  in	  durum	  pasta	  wheat)	  and	  
Hexaploids	  (42	  chromosomes	  in	  spelt)	  can	  increase	  gliadin	  levels	  thereby	  causing	  adverse	  
responses	  in	  the	  gut	  in	  susceptible	  individuals	  (14).	  	  
	  
Recent	  concerns	  have	  also	  been	  raised	  about	  the	  impact	  of	  fertilizers	  used	  on	  the	  composition	  
of	  wheat.	  In	  a	  2009	  study,	  researchers	  found	  a	  connection	  between	  levels	  of	  nitrogen	  and	  
sulfur	  in	  fertilizers	  and	  protein	  composition	  changes	  in	  wheat	  (15).	  In	  this	  study,	  the	  researchers	  
concluded	  that	  wheat	  quality	  is	  highly	  dependent	  on	  genetic	  background	  and	  environmental	  
factors	  such	  as	  exposures	  to	  high	  levels	  of	  nitrogen	  and	  sulfur	  (15).	  These	  findings	  are	  
significant	  because	  they	  imply	  that	  wheat	  has	  been	  genetically	  modified	  over	  time	  not	  only	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through	  cross-­‐pollination	  and	  selective	  breeding	  techniques,	  but	  also	  through	  agricultural	  
production	  methods.	  	  
	  
To	  support	  this	  theory,	  an	  article	  published	  in	  2002	  explained	  the	  role	  of	  genetic	  changes	  in	  the	  
wheat	  grain	  (16).	  As	  discussed	  above,	  glutenin	  is	  an	  important	  structural	  component	  of	  gluten	  
that	  is	  also	  necessary	  to	  provide	  elasticity	  in	  bread	  baking.	  The	  polypeptide	  subunits	  of	  glutenin	  
are	  classified	  as	  having	  a	  higher	  molecular	  mass	  (HMM).	  The	  HMM	  subunit	  is	  formed	  when	  
glutenin	  is	  treated	  with	  a	  reducing	  agent	  such	  as	  2-­‐mercaptoethanol	  that	  causes	  dissociation	  
into	  two	  groups	  of	  polypeptides	  such	  as	  HMM	  and	  low-­‐molecular-­‐mass	  (LMM)	  subunits	  (16).	  
“These	  proteins	  are	  present	  in	  HMM	  polymers	  that	  are	  stabilized	  by	  disulphide	  bonds	  and	  are	  
considered	  to	  form	  the	  'elastic	  backbone'	  of	  gluten.	  However,	  the	  glutamine-­‐rich	  repetitive	  
sequences	  that	  comprise	  the	  central	  parts	  of	  the	  HMM	  subunits	  also	  form	  extensive	  arrays	  of	  
interchain	  hydrogen	  bonds	  that	  may	  contribute	  to	  the	  elastic	  properties	  via	  a	  'loop	  and	  train'	  
mechanism”	  (16).	  Selective	  plant	  breeding,	  which	  leads	  to	  genetic	  changes	  has	  been	  able	  to	  
alter	  the	  composition	  and	  levels	  of	  HMM	  subunits	  to	  increase	  dough	  strength	  that	  has	  led	  to	  
drastic	  changes	  in	  gluten	  structure	  and	  properties	  (16).	  	  
	  
MILLING	  is	  the	  process	  of	  breaking	  wheat	  kernels	  into	  small	  particles	  and	  sifting	  it	  to	  make	  flour	  
(13).	  Historically	  stone	  grinding	  was	  the	  preferred	  method	  to	  mill	  wheat.	  This	  procedure	  
consisted	  of	  thoroughly	  crushing	  whole	  grain	  between	  two	  large	  stones	  before	  sieving	  so	  that	  
some	  of	  the	  germ	  and	  the	  bran	  end	  up	  in	  the	  refined	  flour.	  Stone-­‐ground	  flours	  have	  been	  
known	  to	  be	  more	  flavorful	  and	  nutritious	  but	  also	  have	  a	  limited	  shelf	  life	  (13).	  	  With	  the	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introduction	  of	  watermills	  to	  Asia	  Minor	  and	  later	  windmills	  in	  parts	  of	  Europe,	  milling	  became	  
more	  efficient.	  These	  new	  technologies	  are	  now	  referred	  to	  as	  conventional	  milling,	  which	  
consists	  of	  “grooved	  metal	  rollers	  that	  shear	  open	  the	  grain,	  squeeze	  on	  the	  germ	  and	  scrape	  
the	  endosperm	  away	  to	  be	  ground,	  sieved,	  and	  reground	  until	  the	  particles	  reach	  a	  desired	  
size”	  (13).	  Milled	  flours	  are	  usually	  exposed	  to	  air	  for	  a	  few	  weeks	  in	  order	  to	  improve	  the	  
gluten	  content.	  When	  the	  gluten	  comes	  in	  contact	  with	  the	  oxygen	  in	  the	  air,	  “it	  gradually	  frees	  
the	  glutenin	  protein’s	  end	  sulfur	  groups	  to	  react	  with	  each	  other	  and	  form	  longer	  gluten	  chains”	  
(13).	  Around	  the	  same	  time	  that	  conventional	  milling	  was	  introduced,	  millers	  in	  the	  United	  
States	  began	  to	  use	  bleaching	  agents	  such	  as	  azodicarbonamide,	  a	  zinc	  peroxide	  to	  whiten	  
flours	  and	  extend	  shelf	  life,	  a	  procedure	  that	  is	  illegal	  in	  Europe	  today	  because	  of	  the	  health	  
hazards	  such	  as	  asthma,	  digestive	  disorders	  and	  carcinomas	  associated	  with	  this	  process	  (13).	  	  
	  
Yeasts	  are	  a	  group	  of	  microscopic	  single-­‐celled	  fungi.	  Most	  yeasts	  cause	  human	  infections	  and	  
food	  spoilage,	  however	  a	  particular	  strain	  called	  Saccharomyces	  cerevisiae	  otherwise	  known	  as	  
brewer’s	  sugar	  fungus	  is	  used	  in	  brewing	  and	  baking	  (13).	  Yeasts	  metabolize	  sugars	  for	  energy	  
and	  in	  the	  process	  produce	  carbon	  dioxide	  and	  alcohol.	  In	  bread	  baking,	  the	  carbon	  dioxide	  and	  
alcohol	  are	  trapped	  by	  the	  dough	  and	  then	  released	  by	  the	  heat	  during	  the	  baking	  process	  
providing	  desired	  volume	  in	  baked	  products	  (13).	  In	  addition,	  when	  the	  carbon	  dioxide	  is	  
trapped	  inside	  the	  dough,	  the	  yeast	  releases	  other	  chemicals	  that	  strengthen	  the	  gluten	  (13).	  	  
	  
In	  an	  interesting	  study	  by	  Arendt	  et	  al	  (17)	  it	  was	  revealed	  that	  sourdough	  fermentation,	  which	  
includes	  the	  bacterium	  lactobacillus	  fermentum,	  positively	  influences	  the	  quality,	  texture,	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aroma,	  nutritional	  properties	  and	  shelf	  life	  of	  baked	  products	  as	  well	  as	  their	  gluten	  structure.	  
The	  complex	  metabolic	  activity	  of	  the	  sourdough	  lactic	  acid	  bacteria	  lowers	  the	  gluten	  count	  to	  
below	  20	  parts	  per	  million	  (ppm)	  giving	  the	  bread	  the	  potential	  to	  be	  considered	  gluten-­‐free	  
(17).	  	  
	  
Rizzello	  C.	  et	  al	  (18)	  showed	  that	  lacto-­‐fermentation	  of	  wheat	  plays	  a	  major	  role	  in	  determining	  
gluten	  levels	  of	  bread.	  These	  researchers	  found	  that	  old	  style	  sourdough	  breads	  produced	  with	  
specific	  traits	  of	  lacto-­‐bacilli-­‐	  L.	  alimentarius,	  L.	  Brevis	  	  L.	  Sanfranciscenis	  and	  L.	  Hilgardii-­‐had	  
gluten	  levels	  of	  12	  parts	  per	  million	  in	  comparison	  to	  today’s	  breads	  that	  have	  gluten	  levels	  of	  
75,	  000	  parts	  per	  million	  (18).	  This	  showed	  that	  the	  longer	  the	  fermentation	  process,	  the	  
greater	  the	  reduction	  in	  gluten	  content.	  The	  fermentation	  levels	  were	  analyzed	  by	  an	  R5-­‐based	  
sandwich	  ELISA	  that	  compared	  the	  lacto-­‐bacilli	  bread	  to	  other	  combinations	  of	  baker’s	  yeast	  
bread.	  The	  Lacto-­‐bacilli	  bread	  had	  gliadin	  levels	  similar	  to	  European	  ancient	  wheat,	  which	  are	  
very	  low.	  The	  researchers	  also	  stated	  that	  gluten	  levels	  lower	  than	  20	  ppm	  are	  usually	  
considered	  to	  be	  gluten-­‐free	  (18).	  	  
	  
This	  particular	  study	  is	  very	  interesting	  because	  nowadays	  the	  preferred	  yeasts	  are	  baker’s	  
yeast	  also	  known	  as	  commercial	  yeasts.	  There	  are	  three	  forms	  of	  commercial	  yeast:	  cake	  or	  
compressed	  form,	  active	  dry	  yeast	  and	  instant	  yeast,	  each	  with	  a	  different	  genetic	  strain	  of	  
Saccharomyces	  cerevisiae	  (13).	  Each	  of	  these	  yeasts	  are	  used	  with	  different	  baking	  techniques	  
and	  thus	  metabolize	  sugars	  in	  significantly	  different	  ways	  that	  ultimately	  affect	  gluten	  levels	  in	  
bread	  (13).	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4.	  GLUTEN-­RELATED	  DISORDERS	  	  
4.1	  Definitions	  &	  Background	  
In	  an	  effort	  to	  distinguish	  between	  gluten	  sensitivity	  and	  celiac	  disease,	  a	  group	  of	  experts	  
convened	  in	  the	  Second	  Expert	  Meeting	  on	  gluten	  intolerance	  in	  Munich	  from	  November	  to	  
December	  2012	  to	  define	  new	  nomenclature	  (19).	  	  As	  a	  result	  they	  established	  the	  umbrella	  
term	  “gluten-­‐related	  disorders”	  for	  all	  conditions	  related	  to	  gluten	  and	  came	  up	  with	  the	  
following	  three	  definitions	  (19):	  	  
	  
Wheat	  Allergy	  is	  defined	  as	  “an	  adverse	  immunologic	  reaction	  to	  wheat	  proteins”	  in	  which	  an	  
allergic	  reaction	  takes	  place	  within	  minutes	  to	  hours	  after	  exposure	  to	  wheat	  (19).	  Symptoms	  
can	  be	  very	  severe	  and	  include	  rashes,	  gastrointestinal	  and	  respiratory	  problems	  (20).	  Wheat-­‐
specific	  anti-­‐bodies	  are	  identified	  in	  the	  serum.	  In	  contrast	  to	  gluten	  sensitivity	  and	  celiac	  
disease,	  wheat	  allergy	  is	  an	  “IgE-­‐mediated	  reaction	  to	  the	  water	  and	  salt-­‐insoluble	  gliadins,	  
particularly	  omega-­‐5	  gliadin”	  (21).	  This	  gliadin	  is	  the	  major	  allergen	  in	  exercised-­‐induced	  
anaphylaxis	  also	  known	  as	  Baker’s	  Asthma	  (8).	  Wheat	  allergies	  are	  more	  common	  during	  
infancy	  and	  are	  usually	  outgrown,	  as	  shown	  by	  a	  large	  pediatric	  study	  where	  resolution	  of	  
wheat	  allergy	  occurred	  in	  29%	  of	  children	  at	  age	  four,	  56%	  of	  children	  at	  age	  eight,	  and	  65%	  of	  
children	  at	  age	  of	  twelve	  (22).	  Individuals	  who	  suffer	  from	  wheat	  allergy	  must	  avoid	  all	  types	  of	  
wheat	  but	  do	  not	  have	  to	  follow	  a	  strict	  gluten-­‐free	  diet;	  they	  can	  include	  other	  grains	  such	  as	  




Gluten	  Sensitivity,	  otherwise	  known	  as	  gluten	  intolerance,	  is	  characterized	  as	  an	  adverse	  
reaction	  to	  gluten,	  a	  protein	  in	  wheat,	  rye	  and	  barley.	  Gluten	  sensitivity	  presents	  with	  
symptoms	  similar	  to	  those	  of	  Celiac	  Disease,	  however,	  it	  does	  not	  damage	  the	  intestinal	  
mucosa	  to	  the	  degree	  that	  Celiac	  Disease	  does.	  Furthermore,	  individuals	  with	  gluten	  sensitivity	  
have	  a	  lower	  risk	  of	  nutrient	  deficiencies	  or	  other	  immune	  disorders	  compared	  to	  patients	  with	  
Celiac	  Disease.	  The	  expert	  panel	  in	  Munich	  described	  gluten	  intolerance	  as	  a	  condition	  in	  which	  
“symptoms	  are	  triggered	  by	  gluten	  ingestion,	  in	  the	  absence	  of	  celiac-­‐specific	  antibodies”	  (19).	  
To	  avoid	  confusion	  with	  Celiac	  Disease,	  the	  panel	  established	  “non-­‐celiac	  gluten	  sensitivity”	  
(NCGS)	  as	  the	  appropriate	  definition	  for	  gluten	  sensitivity	  (19).	  	  	  Individuals	  with	  NCGS	  need	  to	  
restrict	  wheat,	  rye	  and	  barley	  from	  their	  diet	  (20).	  	  
	  
Celiac	  Disease	  (CD)	  has	  been	  around	  since	  the	  agricultural	  
revolution	  of	  the	  Neolithic	  period	  (23).	  The	  word	  “Coeliac”	  is	  derived	  from	  	  	  	  	  	  	  	  	  	  	  	  	  
the	  Greek	  word	  “Koelia”	  meaning	  abdomen	  (23).	  Although	  this	  disease	  
has	  been	  around	  for	  thousands	  of	  years,	  it	  was	  not	  recognized	  as	  
an	  autoimmune	  disease	  until	  1990	  (23).	  Additionally,	  the	  
National	  Institutes	  of	  Health	  has	  defined	  four	  categories	  of	  
CD	  (Figure	  1),	  a	  concept	  first	  introduced	  by	  Richard	  Logan	  in	  1991	  known	  as	  the	  Iceberg	  Model	  
of	  CD	  (24).	  This	  model	  includes	  individuals	  with	  a	  classic	  presentation	  of	  CD,	  characterized	  	  	  	  	  
by	  malabsorption,	  those	  with	  atypical	  symptoms	  such	  as	  few	  or	  no	  intestinal	  symptoms,	  silent	  
CD,	  which	  is	  asymptomatic,	  but	  have	  a	  positive	  serological	  test	  and	  villous	  atrophy	  on	  biopsy,	  
and	  latent	  CD	  with	  a	  positive	  serology	  and	  no	  villous	  atrophy	  on	  biopsy	  (24).	  	  	  









CD	  is	  an	  autoimmune	  disease	  with	  a	  gradual	  (months	  to	  years)	  onset	  of	  symptoms.	  
Autoantibodies	  are	  produced	  in	  response	  to	  gluten	  that	  damages	  the	  lining	  of	  the	  small	  
intestine.	  Individuals	  diagnosed	  with	  CD	  must	  follow	  a	  strict	  gluten-­‐free	  diet,	  often	  placing	  them	  
at	  risk	  for	  nutrition	  deficiencies	  and	  other	  autoimmune	  disorders	  (20).	  Recent	  studies	  have	  
elucidated	  factors	  such	  as	  infant	  feeding,	  antibiotics,	  method	  of	  birth,	  timing	  of	  introduction	  of	  
gluten	  into	  the	  diet,	  season	  of	  birth	  and	  infections	  during	  early	  childhood	  as	  possible	  
contributors	  of	  CD	  in	  genetically	  prone	  individuals	  (21,	  23).	  	  
	  
4.2	  Autoimmune	  Diseases	  and	  CD	  
Recently,	  many	  autoimmune	  diseases	  and	  developmental	  disorders	  have	  been	  linked	  to	  CD	  
because	  of	  a	  common	  link	  of	  gut	  dysbiosis	  among	  all	  of	  these	  diseases.	  For	  example,	  patients	  
with	  CD	  are	  at	  a	  higher	  risk	  of	  having	  conditions	  such	  as	  thyroid	  disease,	  type-­‐1	  diabetes,	  joint	  
diseases,	  liver	  diseases	  and	  gastrointestinal	  cancers	  (21).	  In	  a	  study	  published	  in	  2014	  led	  by	  
Tiberti	  et	  al	  (25),	  child	  and	  adult	  patients	  with	  type-­‐1	  diabetes	  were	  studied	  to	  assess	  the	  
frequency	  of	  CD	  occurrence.	  The	  results	  showed	  that	  those	  patients	  who	  had	  type-­‐1	  diabetes	  
for	  over	  15	  years	  were	  at	  greater	  risk	  of	  developing	  CD.	  In	  addition,	  individuals	  with	  type-­‐1	  
diabetes	  are	  noted	  as	  being	  at	  a	  higher	  risk	  for	  CD	  because	  both	  conditions	  weaken	  the	  immune	  
system	  resulting	  in	  damaged	  tissues	  and	  susceptibility	  to	  other	  autoimmune	  diseases.	  They	  also	  
appear	  to	  share	  a	  common	  genetic	  origin	  as	  well	  as	  an	  inflammatory	  response	  that	  shares	  a	  




Autism	  Spectrum	  Disorders	  (ASD)	  are	  among	  the	  fastest	  growing	  developmental	  disabilities	  in	  
the	  US.	  According	  to	  the	  Center	  for	  Disease	  Control,	  ASD	  now	  affects	  1	  in	  88	  children	  in	  the	  US	  
with	  boys	  affected	  five	  times	  more	  often	  than	  girls	  (11).	  Often,	  individuals	  diagnosed	  with	  ASD	  
are	  started	  on	  a	  gluten-­‐free,	  casein-­‐free	  diet	  (GFCF)	  since	  some	  research	  has	  elucidated	  the	  
effect	  of	  diet	  and	  nutrition	  on	  the	  symptoms	  of	  hyperactivity	  and	  attention	  (19).	  Although	  there	  
is	  no	  clear	  research	  that	  demonstrates	  the	  relationship	  between	  autism	  and	  CD,	  some	  
researchers	  hypothesize	  that	  symptoms	  may	  be	  caused	  by	  the	  incomplete	  breakdown	  of	  foods	  
containing	  gluten	  and	  casein	  and	  thus	  forming	  opioid	  peptides	  (21).	  Small	  portions	  of	  these	  
peptides	  cross	  the	  blood-­‐brain	  barrier	  causing	  interference	  of	  signal	  transmission	  and	  gut	  
dysbiosis	  (21).	  Recent	  research	  revealed	  that	  patients	  with	  autism	  on	  a	  GFCF	  diet	  had	  a	  
significantly	  lower	  intestinal	  permeability	  test	  results	  than	  those	  who	  were	  not	  on	  the	  diet	  (27).	  
The	  results	  imply	  that	  because	  the	  chemical	  structures	  of	  gluten	  and	  casein	  peptides	  are	  
similar,	  they	  may	  play	  a	  role	  in	  the	  pathogenesis	  of	  autism	  and	  thus	  a	  GFCF	  diet	  may	  be	  
effective	  (21).	  	  
	  
Dermatitis	  herpetiformis	  (DH),	  a	  skin	  rash,	  is	  also	  believed	  to	  be	  pathognomonic	  for	  CD.	  
Currently,	  patients	  diagnosed	  with	  DH	  are	  asked	  to	  follow	  a	  gluten-­‐free	  diet	  to	  avoid	  further	  
complications	  such	  as	  vitiligo,	  sarcoidosis	  and	  lupus	  (21).	  Ataxia	  and	  other	  neurological	  
manifestations	  have	  also	  been	  investigated	  through	  duodenal	  biopsies	  that	  have	  found	  that	  
20%	  of	  cases	  manifest	  with	  CD	  (21).	  Research	  has	  also	  revealed	  that	  90%	  of	  patients	  who	  
present	  with	  DH	  are	  HLA-­‐DQ2	  or	  DQ8	  positive,	  the	  two	  genes	  associated	  with	  CD	  in	  genetically	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at-­‐risk	  individuals	  (11).	  Although	  the	  mechanism	  in	  which	  gluten	  interacts	  with	  the	  nervous	  
system	  is	  still	  not	  clear,	  a	  gluten-­‐free	  diet	  is	  often	  recommended	  to	  improve	  the	  skin	  rash.	  	  	  
4.3	  Irritable	  Bowel	  Syndrome	  
Irritable	  Bowel	  Syndrome	  (IBS)	  is	  characterized	  “by	  abdominal	  pain	  or	  discomfort	  that	  occurs	  in	  
association	  with	  altered	  bowel	  habits	  over	  a	  period	  of	  at	  least	  3	  months”	  (5).	  There	  are	  three	  
subtypes	  of	  IBS,	  which	  include	  IBS-­‐D	  (diarrhea	  predominant),	  IBS-­‐C	  (constipation	  predominant),	  
and	  IBS-­‐M	  (mixed	  diarrhea	  and	  constipation)	  (5).	  In	  the	  United	  States	  and	  Canada,	  IBS	  is	  one	  of	  
the	  most	  common	  gastrointestinal	  complaints.	  Prevalence	  in	  North	  America	  is	  about	  7%	  
compared	  to	  worldwide	  incidence	  of	  1%-­‐20%	  and	  is	  estimated	  to	  cost	  about	  $20	  billion	  of	  
health	  care	  costs	  (5).	  IBS	  is	  more	  common	  in	  women	  than	  men	  and	  it	  has	  historically	  been	  
designated	  as	  a	  functional	  disorder,	  meaning	  that	  the	  diagnosis	  is	  made	  after	  ruling	  out	  all	  
other	  possible	  organic	  causes	  (5).	  	  
	  
The	  classical	  presentation	  of	  CD	  is	  extreme	  gastrointestinal	  distension,	  diarrhea,	  constipation,	  
weight	  loss	  and	  anorexia	  (21).	  Similar	  but	  less	  extreme	  symptoms	  may	  occur	  with	  NCGS.	  The	  
classical	  presentation	  of	  NCGS	  is	  similar	  to	  IBS	  symptoms,	  which	  include:	  abdominal	  pain,	  
bloating,	  bowel	  habit	  abnormalities,	  systemic	  manifestation	  “foggy	  mind,”	  headache,	  fatigue,	  
joint	  and	  muscle	  pain,	  leg	  or	  arm	  numbness,	  dermatitis,	  depression	  and	  anemia	  (19).	  When	  
these	  classic	  symptoms	  present	  themselves	  in	  children,	  most	  often	  children	  receive	  medical	  
attention	  and	  are	  tested	  for	  NCGS	  or	  CD	  (21).	  Unfortunately,	  when	  the	  same	  symptoms	  are	  




Studies	  have	  linked	  IBS	  as	  a	  precursor	  to	  undiagnosed	  NCGS	  and	  CD.	  A	  “meta-­‐analyses	  of	  case	  
control	  studies	  from	  around	  the	  world	  suggest	  that	  patients	  with	  IBS	  symptoms	  are	  significantly	  
more	  likely	  to	  have	  serologic	  evidence,	  as	  well	  as	  biopsy	  confirmation,	  of	  celiac	  disease”	  (28).	  
	  
A	  4-­‐week	  randomized	  controlled	  trial	  of	  a	  gluten-­‐containing	  diet	  and	  a	  gluten-­‐free	  diet,	  
analyzed	  45	  patients	  with	  IBS-­‐D,	  a	  D-­‐variant	  for	  diarrhea-­‐predominant	  IBS	  (29).	  The	  researchers	  
measured	  daily	  bowel	  function,	  colonic	  transit,	  mucosal	  permeability	  and	  cytokine	  production	  
after	  exposure	  to	  gluten	  and	  rice.	  At	  the	  end	  of	  the	  four	  weeks,	  the	  researchers	  found	  that	  the	  
patients	  in	  the	  gluten-­‐containing	  diet	  were	  associated	  with	  higher	  small	  bowel	  permeability,	  
also	  known	  as	  “leaky	  gut”	  and	  concluded	  that	  gluten	  alters	  bowel	  barrier	  function	  in	  individuals	  
with	  IBS-­‐D	  (8,	  29).	  Despite	  these	  findings,	  the	  specific	  effect	  of	  gluten	  withdrawal	  from	  the	  diet	  
of	  patients	  with	  IBS	  still	  remains	  to	  be	  elucidated.	  	  	  
	  
4.4	  Epidemiology	  	  
Within	  the	  last	  few	  years,	  the	  incidence	  of	  both	  NCGS	  and	  CD	  diagnoses	  has	  increased	  
significantly	  (30).	  Epidemiological	  studies	  have	  “indicated	  that	  CD	  is	  more	  common	  than	  
previously	  thought,	  at	  approximately	  1%	  worldwide”	  (5).	  In	  fact,	  population	  based	  screening	  
has	  shown	  that	  African,	  South	  Asian,	  Latin	  American	  and	  Middle	  Eastern	  countries	  have	  similar	  
diagnostic	  rates	  of	  CD	  and	  NCGS	  as	  those	  in	  the	  US	  (31).	  	  
	  
In	  2009,	  a	  study	  was	  released	  that	  shows	  conclusive	  data	  that	  the	  incidence	  of	  CD	  has	  increased	  
by	  an	  alarming	  400%	  since	  the	  1950s	  (32).	  In	  the	  study,	  the	  researchers	  took	  blood	  samples	  of	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healthy	  young	  adults	  at	  Warren	  Air	  Force	  Base	  between	  1948	  and	  1954	  that	  looked	  for	  
antibodies	  in	  the	  blood	  and	  tested	  for	  the	  prevalence	  of	  CD.	  After	  a	  45	  year	  follow	  up,	  the	  
researchers,	  took	  new	  blood	  samples	  of	  similar	  young	  adults	  at	  the	  air	  force	  base	  and	  found	  an	  
increase	  in	  antibodies	  and	  4.5	  times	  increased	  likelihood	  of	  developing	  CD	  (32).	  
	  
Other	  recent	  studies,	  are	  investigating	  the	  natural	  history	  of	  NCGS	  and	  CD.	  In	  2010,	  a	  cohort	  
study	  followed	  since	  1974	  was	  released	  concluding	  that	  over	  a	  15-­‐year	  period	  CD	  has	  increased	  
5-­‐fold	  in	  the	  United	  States	  (33).	  Other	  researchers	  are	  now	  looking	  at	  the	  potential	  of	  CD	  in	  
children	  at	  birth	  in	  a	  prospective	  cohort	  study	  that	  has	  followed	  at-­‐family-­‐risk	  infants	  for	  a	  
period	  of	  two	  years	  from	  birth.	  The	  results	  in	  the	  study	  have	  shown	  that	  infants	  at-­‐family-­‐risk	  
for	  CD	  have	  a	  higher	  risk	  of	  developing	  CD	  (34).	  As	  of	  2003,	  the	  prevalence	  of	  CD	  in	  the	  United	  
States	  was	  estimated	  to	  be	  1:22	  in	  first-­‐degree	  relatives,	  1:39	  in	  second-­‐degree	  relatives	  and	  
1:56	  in	  symptomatic	  patients	  (5).	  
	  
4.5	  Etiology	  	  
In	  CD,	  damage	  to	  the	  intestinal	  mucosa	  occurs	  when	  the	  small	  intestine	  is	  exposed	  to	  the	  
prolamin	  factors,	  which	  are	  “α-­‐gliadin	  and	  other	  protein	  components	  of	  gluten”	  (5).	  This	  is	  
accompanied	  by	  an	  infiltration	  of	  white	  blood	  cells	  into	  the	  mucosa	  and	  the	  production	  of	  IgA	  
“anti-­‐tissue	  transglutaminase	  (anti-­‐tTG)	  and	  antiendomysial	  (EMA)	  and	  antigliadin	  (AGA)	  
antibodies”	  all	  of	  which	  are	  used	  to	  diagnose	  CD	  (5).	  In	  CD	  two	  major	  genes	  known	  as	  HLA-­‐DQ2	  
and	  HLA-­‐DQ8	  have	  been	  isolated	  and	  are	  present	  in	  95%	  of	  patients	  (5).	  Although	  the	  genetic	  
association,	  environmental	  triggers,	  and	  autoantibodies	  produced	  in	  CD	  have	  been	  identified,	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the	  etiology	  for	  NCGS	  remains	  unclear.	  	  Though	  gluten-­‐related	  disorder	  exhibits	  a	  unique	  
pathophysiological	  response	  to	  gluten	  ingestion,	  there	  is	  considerable	  overlap	  in	  clinical	  
presentation.	  This	  makes	  diagnosis	  difficult,	  particularly	  in	  the	  case	  of	  NCGS	  (11).	  
	  
4.6	  Pathophysiology	  &	  Inflammation	  
When	  the	  small	  intestine	  is	  exposed	  to	  specific	  sequences	  of	  amino	  acids	  found	  in	  wheat	  
gluten,	  there	  is	  a	  toxic	  and	  inflammatory	  response	  (5).	  The	  immune	  response	  to	  gluten	  signals	  
T-­‐Lymphocytes	  to	  produce	  various	  cytokines,	  small	  proteins	  whose	  major	  function	  is	  cell	  
signaling,	  which	  activates	  an	  inflammatory	  response	  (5).	  Another	  component	  of	  the	  
pathophysiology	  of	  CD	  is	  innate	  immunity,	  which	  results	  in	  activated	  cytoxic	  T-­‐cells.	  Cytoxic	  T-­‐
Cells	  are	  white	  blood	  cells	  that	  carry	  receptors	  that	  can	  recognize	  specific	  antigens	  that	  are	  
capable	  of	  stimulating	  an	  immune	  response	  that	  ultimately	  damages	  enterocytes	  (5).	  The	  
inflammatory	  and	  innate	  immune	  responses	  damage	  the	  villi	  resulting	  in	  a	  “reduced	  absorptive	  
surface	  area	  and	  loss	  of	  digestive	  enzymes	  (5)”.	  	  
	  
Current	  research	  shows	  that	  “gliadin	  may	  induce	  activation	  of	  IL-­‐17-­‐producing	  T	  Cells	  and	  that	  
IL-­‐17	  expression	  correlates	  with	  gluten	  intake”	  demonstrating	  that	  gliadin	  may	  have	  a	  direct	  
effect	  on	  the	  body’s	  inflammatory	  response.	  (36).	  Sapone	  et	  al	  (36)	  conducted	  a	  research	  
analysis	  of	  patients	  with	  CD	  and	  NCGS	  and	  expression	  of	  IL-­‐17	  and	  other	  cytokines.	  The	  
researchers	  speculated	  that	  gliadin	  may	  directly	  affect	  the	  expansion	  of	  TH	  17	  by	  inducing	  the	  
expression	  of	  IL-­‐23	  and	  other	  cytokines	  (36).	  Their	  work	  supports	  the	  idea	  that	  NCGS	  and	  CD	  
are	  distinct	  disorders	  because	  the	  immune	  system	  responds	  to	  gluten	  in	  different	  ways.	  Genetic	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makeup	  is	  a	  big	  contributor	  to	  the	  way	  an	  individual	  reacts	  to	  gliadin	  by	  determining	  if	  CD	  
specific	  genes	  are	  present	  or	  not.	  The	  genes	  will	  determine	  if	  a	  patient	  presents	  with	  CD	  or	  
NCGS	  symptoms.	  	  
	  
CD	  patients	  have	  a	  life-­‐long	  condition	  that	  requires	  permanent	  exclusion	  of	  gliadin.	  NCGS	  
patients	  on	  the	  other	  hand,	  vary	  in	  terms	  of	  gluten	  threshold,	  sensitivity	  and	  duration	  (36).	  The	  
research	  team	  also	  concluded	  that	  CD	  is	  the	  “only	  clinical	  form	  of	  gluten	  reactivity	  involving	  an	  
autoimmune	  mechanism	  (36)”.	  In	  contrast	  to	  the	  Sapone	  et	  al	  study,	  Lammers	  et	  al	  (37)	  
demonstrated	  a	  correlation	  between	  gliadin	  and	  inflammatory	  immune	  response	  in	  CD,	  NCGS	  
and	  healthy	  control	  patients.	  	  
	  
4.7	  Medical	  Diagnosis	  &	  Treatment	  
Standard	  nutrition	  assessment	  procedures	  such	  as	  obtaining	  an	  extensive	  dietary	  history	  
retrospectively	  should	  be	  used	  for	  all	  individuals	  with	  food	  allergies	  and	  food	  intolerances.	  It	  is	  
often	  the	  case	  that	  a	  food	  allergy	  or	  intolerance	  will	  result	  in	  the	  elimination	  of	  numerous	  foods	  
from	  the	  diet	  (4).	  However,	  before	  permanently	  removing	  certain	  foods	  or	  food	  groups	  from	  
the	  diet,	  healthcare	  professionals	  often	  use	  an	  elimination	  diet	  as	  an	  assessment	  tool	  to	  
properly	  identify	  the	  food	  or	  foods	  causing	  the	  adverse	  response.	  An	  elimination	  diet	  is	  an	  
eating	  plan	  that	  omits	  a	  food	  or	  group	  of	  foods	  believed	  to	  cause	  the	  adverse	  food	  reaction	  (9).	  
	  
In	  an	  integrative	  setting,	  an	  elimination	  diet	  can	  serve	  as	  both	  the	  diagnostic	  and	  treatment	  
strategies.	  There	  are	  four	  steps	  required	  to	  prescribe	  an	  individual	  with	  an	  elimination	  diet.	  The	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first	  step	  is	  the	  planning	  phase	  where	  a	  thorough	  patient	  history	  is	  obtained.	  Step	  two	  consists	  
of	  the	  avoidance	  phase	  where	  certain	  foods	  or	  groups	  of	  foods	  are	  completely	  eliminated	  from	  
the	  diet.	  Step	  three	  is	  the	  challenge	  phase	  where	  certain	  foods	  are	  slowly	  reintroduced	  into	  the	  
diet	  and	  assessed	  for	  any	  symptoms.	  The	  final	  phase	  of	  the	  elimination	  diet	  is	  creating	  a	  long-­‐
term	  diet	  plan	  (9).	  	  
	  
Although	  elimination	  diets	  are	  usually	  safe,	  there	  are	  some	  risks	  associated	  with	  this	  protocol	  
such	  as	  “latent”	  eating	  disorders,	  anaphylactic	  reactions,	  malnutrition,	  fear	  of	  symptoms	  
associated	  with	  problematic	  foods,	  non-­‐compliance	  and	  socioeconomics	  (9).	  In	  the	  case	  of	  
gluten	  sensitivity	  and	  Celiac	  Disease,	  an	  elimination	  diet	  may	  be	  recommended	  to	  help	  
diagnose	  the	  disease,	  however,	  the	  only	  treatment	  currently	  available	  for	  these	  diseases	  is	  a	  
gluten-­‐free	  diet.	  For	  these	  reasons,	  proper	  guidance	  for	  adequate	  nutrition	  coupled	  with	  
education	  to	  develop	  skills	  for	  food	  identification	  are	  critical	  (4).	  	  
	  
The	  gold	  standard	  for	  diagnosis	  of	  CD	  is	  biopsy	  of	  the	  small	  intestine	  performed	  by	  upper	  
intestinal	  endoscopy.	  The	  histology	  will	  show	  the	  degree	  of	  villous	  atrophy	  and	  help	  in	  the	  
diagnosis	  of	  CD	  (38).	  Histologic	  grading	  is	  based	  on	  the	  Marsh	  scoring	  system	  where	  normal	  
intestinal	  histology	  is	  scored	  a	  Marsh	  0	  (38).	  However,	  in	  recent	  years	  it	  has	  become	  more	  
common	  to	  diagnose	  patients	  after	  identifying	  antibodies	  to	  gluten	  such	  as	  anti-­‐tTG,	  EMA	  and	  




The	  only	  current	  treatment	  for	  both	  CD	  and	  NCGS	  is	  nutrition	  therapy	  consisting	  of	  a	  gluten-­‐
free	  diet	  (5).	  Six	  key	  elements	  have	  been	  defined	  by	  the	  acronym	  CELIAC	  for	  the	  management	  
of	  patients	  with	  CD.	  These	  elements	  include:	  Consultation	  with	  an	  RD,	  Education	  about	  the	  
disease,	  Lifelong	  adherence	  to	  a	  GFD,	  Identification	  and	  treatment	  of	  nutritional	  deficiencies,	  
Access	  to	  support/advocacy	  groups	  and	  Continuous	  long-­‐term	  follow-­‐up	  by	  a	  multidisciplinary	  
team	  (40).	  A	  gluten-­‐free	  diet	  consists	  of	  lifelong	  avoidance	  of	  gluten	  found	  in	  wheat,	  rye	  and	  
barley.	  There	  is	  some	  controversy	  regarding	  the	  safety	  of	  oats	  with	  CD	  due	  to	  concerns	  of	  cross-­‐
contamination,	  but	  most	  evidence	  supports	  the	  safety	  of	  oat	  consumption	  (38).	  
	  
4.8	  Self-­Diagnosis	  of	  NCGS	  
Between	  2009-­‐2010,	  7762	  participants,	  six	  years	  or	  older	  were	  selected	  to	  participate	  in	  the	  
National	  Health	  and	  Nutrition	  Examination	  Survey	  (NHANES)	  led	  by	  Digiacomo	  et	  al	  (39).	  
Participants	  received	  an	  in-­‐person	  physical	  examination	  followed	  by	  serological	  testing	  for	  CD	  
and	  responded	  to	  a	  comprehensive	  health	  questionnaire.	  Through	  this	  survey	  the	  researchers	  
found	  a	  0.548%	  prevalence	  of	  persons	  on	  a	  self-­‐reported	  gluten-­‐free	  diet	  with	  a	  95%	  CI.	  The	  
prevalence	  was	  higher	  in	  females,	  older	  participants	  and	  non-­‐Hispanic	  blacks.	  (39).	  Additionally,	  
Digiacomo	  et	  al	  discussed	  that	  despite	  the	  increased	  awareness	  of	  NCGS	  and	  the	  gluten-­‐free	  
diet,	  NCGS	  is	  still	  not	  recognized	  by	  many	  physicians.	  This	  argument	  was	  supported	  by	  market	  
research	  that	  showed	  that	  the	  majority	  of	  people	  purchasing	  gluten-­‐free	  products	  are	  not	  doing	  
it	  under	  medical	  supervision	  or	  advice	  (39).	  In	  addition,	  it	  is	  believed	  that	  participants	  who	  
adhered	  to	  the	  gluten-­‐free	  diet	  did	  it	  for	  reasons	  unrelated	  to	  gluten	  avoidance	  and	  most	  likely	  
due	  to	  the	  perceived	  health	  attributes	  of	  “going	  gluten-­‐free”	  (39).	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The	  research	  team	  also	  discussed	  that	  to	  their	  knowledge	  there	  is	  no	  data	  “using	  self-­‐report	  
gluten-­‐free	  diet	  status	  as	  a	  surrogate	  for	  the	  prevalence	  of	  non-­‐celiac	  gluten	  sensitivity	  in	  the	  
general	  US	  population”	  (39).	  They	  suggested	  that	  to	  a	  degree,	  self-­‐reported	  gluten-­‐free	  diet	  
data	  can	  be	  used	  to	  estimate	  NCGS	  prevalence,	  but	  future	  studies	  that	  can	  more	  carefully	  
evaluate	  individuals	  reporting	  a	  gluten-­‐free	  diet	  are	  necessary	  (39).	  	  
	  
In	  a	  different	  study	  conducted	  between	  2010	  and	  2011	  by	  a	  team	  of	  researchers	  in	  Melbourne,	  
Australia	  248	  participants	  who	  self-­‐diagnosed	  with	  a	  gluten-­‐free	  diet	  and	  who	  did	  not	  have	  CD	  
were	  selected	  to	  participate	  in	  a	  survey	  (41).	  The	  inclusion	  criteria	  comprised	  of	  individuals	  
living	  in	  Melbourne,	  having	  had	  CD	  ruled	  out,	  currently	  following	  a	  gluten-­‐free	  diet	  and	  being	  
between	  the	  ages	  of	  sixteen	  and	  older.	  The	  subjects	  eligible	  for	  the	  study	  were	  furthered	  
screened	  by	  completing	  a	  7-­‐day	  food	  diary.	  Of	  the	  respondents,	  147	  completed	  and	  returned	  
the	  survey.	  The	  mean	  age	  was	  43.5	  and	  the	  majority	  were	  female	  (41).	  Answers	  to	  the	  question	  
asked	  in	  the	  survey	  “reasons	  why	  participants	  initiated	  the	  GFD”	  varied	  in	  response	  with	  44%	  
reporting	  self-­‐diagnosis,	  21%	  indicating	  prescribed	  by	  a	  health	  professional	  and	  23%	  reporting	  
prescribed	  by	  a	  dietitian.	  In	  addition,	  when	  the	  participants	  were	  asked	  if	  they	  strictly	  adhered	  
to	  a	  gluten-­‐free	  diet,	  58%	  reported	  “yes”,	  22%	  responded	  “no”,	  17%	  said	  “mostly”	  and	  3%	  
“sometimes”(41).	  	  
	  
This	  study	  revealed	  fundamental	  findings	  regarding	  characterizations	  of	  adults	  with	  self-­‐
diagnosed	  NCGS.	  Interestingly,	  one	  in	  every	  four	  participants	  believed	  to	  have	  NCGS	  “remained	  
markedly	  symptomatic	  despite	  gluten	  avoidance,”	  which	  suggests	  that	  symptoms	  are	  poorly	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controlled	  despite	  gluten	  exclusion	  (41).	  In	  addition,	  the	  researchers	  observed	  that	  confusion	  
and	  controversy	  have	  risen	  in	  part	  from	  a	  failure	  to	  distinguish	  the	  protein	  gluten	  and	  the	  
carbohydrate	  fructan,	  both	  components	  of	  wheat,	  and	  detected	  a	  correlation	  between	  
individuals	  who	  believe	  to	  have	  NCGS	  to	  benefit	  from	  a	  gluten-­‐free	  and	  low	  FODMAP	  diet	  (41).	  	  
	  
5.	  GLUTEN-­FREE	  AND	  FODMAP	  DIET	  
5.1	  Gluten-­Free	  Diet	  
A	  gluten-­‐free	  diet	  is	  a	  diet	  that	  excludes	  all	  food	  products	  that	  contain	  the	  protein	  gluten.	  At	  
present,	  strict	  adherence	  to	  a	  gluten-­‐free	  diet	  (GFD)	  is	  the	  only	  accepted	  treatment	  for	  CD	  
patients	  (17).	  Although	  long-­‐term	  complications	  can	  arise	  from	  non-­‐adherence	  to	  a	  GFD,	  strict	  
adherence	  to	  a	  GFD	  poses	  a	  big	  challenge	  for	  many	  patients.	  	  A	  cross-­‐sectional	  study	  aimed	  to	  
determine	  the	  rates	  of	  intentional	  and	  unintentional	  non-­‐adherence	  of	  CD	  patients	  and	  to	  
examine	  factors	  associated	  with	  both	  (42).	  Patients	  diagnosed	  with	  CD	  in	  thirty-­‐one	  family	  
group	  practices	  in	  North	  East	  England	  were	  selected	  to	  participate.	  Clinical	  records	  were	  
searched	  for	  all	  CD	  adults	  and	  self-­‐administered	  questionnaires	  were	  provided	  (42).	  Of	  the	  287	  
people	  surveyed,	  about	  40%	  reported	  intentionally	  consuming	  gluten	  over	  the	  last	  6	  months.	  At	  
the	  same	  time,	  54%	  had	  mistakenly	  consumed	  gluten	  in	  the	  same	  time	  period,	  24.7%	  had	  not	  
intentionally	  consumed	  gluten	  and	  had	  only	  made	  one	  or	  two	  mistakes	  and	  28.6%	  reported	  not	  
having	  consumed	  gluten	  both	  intentionally	  and	  inadvertently	  (42).	  	  
	  
Intentional	  gluten	  consumption	  was	  significantly	  lower	  in	  patients	  who	  received	  regular	  follow-­‐
ups,	  received	  gluten-­‐free	  foods	  or	  were	  diagnosed	  as	  adults.	  Moreover,	  significant	  correlations	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were	  found	  “between	  concepts	  from	  behavioral	  theory	  and	  intentional	  and	  inadvertent	  gluten	  
consumption,	  particularly	  for	  self-­‐efficacy	  beliefs,	  perceived	  tolerance	  to	  gluten,	  and	  attitudes	  
to	  the	  GFD”	  (42).	  The	  research	  suggests	  that	  strict	  adherence	  to	  a	  GFD	  requires	  knowledge	  of	  
such	  a	  diet	  and	  support	  and	  therefore	  it	  is	  important	  to	  provide	  patients	  with	  the	  necessary	  
tools	  and	  education	  to	  facilitate	  dietary	  self-­‐management.	  The	  research	  also	  implies	  that	  a	  GFD	  
should	  only	  be	  followed	  under	  the	  supervision	  of	  a	  Registered	  Dietitian	  (RD)	  or	  health	  
professional	  following	  appropriate	  diagnosis	  (42).	  	  
	  
There	  is	  currently	  no	  recognized	  research	  regarding	  adherence	  to	  a	  GFD	  for	  NCGS	  patients,	  
however	  it	  has	  been	  suggested	  that	  a	  GFD	  may	  benefit	  individuals	  who	  suffer	  from	  NCGS	  
symptoms,	  but	  it	  is	  not	  recommended	  for	  individuals	  who	  are	  not	  gluten	  sensitive	  (43).	  It	  has	  
also	  been	  elucidated	  that	  gluten	  itself	  may	  actually	  be	  beneficial	  to	  individuals	  with	  
dyslipidemia.	  In	  a	  crossover	  study	  24	  adults	  with	  hyperlipidemia	  were	  asked	  to	  increase	  
consumption	  of	  wheat	  gluten	  for	  2	  weeks.	  The	  subjects	  were	  monitored	  through	  a	  weight-­‐
maintenance	  diet	  and	  after	  the	  two-­‐week	  period	  the	  results	  showed	  a	  13%	  reduction	  of	  serum	  
triglycerides	  (44).	  Another	  study	  also	  demonstrated	  that	  a	  GFD	  might	  reduce	  beneficial	  gut	  
bacteria.	  For	  this	  study,	  ten	  healthy	  individuals	  were	  selected	  to	  follow	  a	  GFD	  for	  1	  month	  by	  
replacing	  gluten	  foods	  with	  gluten-­‐free	  certified	  foods.	  The	  results	  showed	  a	  significant	  
reduction	  of	  beneficial	  bacteria	  in	  fecal	  samples	  and	  increased	  levels	  of	  pathogenic	  bacteria	  
such	  as	  Escherichia	  coli	  (44).	  It	  has	  also	  been	  suggested	  that	  gluten	  may	  boost	  the	  immune	  
system	  in	  humans	  mainly	  due	  to	  the	  high	  glutamine	  content	  of	  gluten,	  which	  has	  been	  reported	  
to	  reduce	  incidence	  of	  infectious	  complications	  in	  patients	  following	  surgery	  (44).	  All	  of	  these	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implications	  are	  examples	  that	  a	  GFD	  may	  only	  be	  beneficial	  for	  individuals	  diagnosed	  with	  a	  
gluten-­‐related	  disorder	  where	  gluten	  has	  to	  be	  eliminated.	  	  
	  
5.2	  Low	  FODMAP	  Diet	  
In	  2005,	  a	  group	  of	  researchers	  from	  the	  Department	  of	  Gastroenterology	  at	  Monash	  University	  
in	  Australia	  developed	  a	  diet	  for	  IBS	  patients	  known	  as	  the	  Low	  FODMAP	  diet	  (45).	  FODMAP	  is	  
an	  acronym	  for	  fermentable	  oligosaccharides,	  disaccharides,	  monosaccharide	  and	  polyols,	  
which	  are	  types	  of	  carbohydrates	  (fructans)	  that	  are	  difficult	  to	  digest	  and	  become	  fermented	  
by	  bacteria	  (45).	  These	  fructans	  can	  be	  found	  in	  products	  such	  as	  wheat	  and	  rye	  but	  also	  in	  
legumes,	  onions,	  garlic,	  dairy	  products	  and	  sugars	  such	  as	  sorbitol,	  mannitol	  and	  high	  fructose	  
corn	  syrup	  (45).	  Often	  gluten	  containing	  grains	  are	  high	  in	  FODMAPs,	  which	  may	  explain	  why	  
certain	  individuals	  feel	  better,	  but	  not	  100%	  better	  on	  a	  gluten-­‐free	  diet	  alone.	  	  
	  
The	  low	  FODMAP	  diet	  is	  an	  intensive	  treatment	  that	  should	  only	  be	  followed	  under	  the	  
supervision	  of	  an	  RD	  (45).	  The	  idea	  behind	  this	  diet	  is	  that	  lowering	  FODMAPs	  will	  reduce	  IBS	  
symptoms	  that	  will	  help	  RDs	  pinpoint	  the	  food	  allergy	  or	  intolerance.	  (45)	  It	  is	  similar	  to	  the	  
elimination	  diet	  currently	  used	  by	  healthcare	  professionals,	  however	  the	  foods	  and	  food	  groups	  
eliminated	  are	  specific	  to	  the	  FODMAP	  list.	  Currently,	  the	  only	  individuals	  who	  are	  prescribed	  a	  
low	  FODMAP	  diet	  are	  those	  who	  have	  been	  medically	  diagnosed	  with	  IBS.	  	  	  
	  
In	  a	  prospective	  observational	  study	  a	  group	  of	  researchers	  aimed	  to	  determine	  if	  a	  low	  
FODMAP	  diet	  improves	  IBS	  symptoms	  (46).	  In	  this	  study,	  192	  IBS	  patients	  who	  had	  performed	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hydrogen/methane	  breath	  test	  for	  fructose	  and	  lactose	  malabsorption	  and	  received	  dietary	  
intervention	  were	  selected	  to	  begin	  the	  low	  FODMAP	  diet.	  All	  patients	  were	  evaluated	  by	  a	  
gastroenterologist	  and	  were	  supervised	  by	  an	  RD.	  Patients	  also	  completed	  baseline	  and	  follow-­‐
up	  questionnaires.	  Six	  weeks	  from	  the	  initiation	  day,	  participants	  were	  scheduled	  for	  a	  
consultation	  to	  review	  symptoms	  and	  progress.	  At	  the	  end	  of	  the	  study,	  ninety	  of	  the	  192	  
patients	  completed	  the	  study.	  The	  results	  showed	  that	  “not	  only	  did	  most	  patient’s	  symptoms	  
improve	  but	  also	  the	  magnitude	  of	  the	  improvement	  was	  usually	  significant”	  (46).	  	  
	  
Furthermore,	  75.6%	  of	  the	  participants	  reported	  ongoing	  adherence	  to	  the	  diet	  at	  all	  times	  with	  
few	  exceptions	  being	  away	  from	  home.	  Approximately	  14.4%	  of	  patients	  considered	  
themselves	  adherent	  to	  the	  diet	  at	  least	  50%	  of	  the	  time	  (46).	  There	  was	  a	  significant	  positive	  
correlation	  between	  adherence	  and	  improvement	  in	  symptoms	  such	  as	  bloating,	  abdominal	  
pain/discomfort,	  flatulence/wind,	  diarrhea,	  constipation	  and	  energy	  levels	  (46).	  The	  
researchers	  concluded	  that	  the	  study	  confirmed	  that	  a	  low	  FODMAP	  diet	  offers	  “symptomatic	  
benefits	  for	  IBS	  patients	  and	  leads	  to	  a	  significant	  improvement	  for	  the	  majority	  of	  patients”	  
(46).	  	  
	  
In	  a	  similar	  article,	  researchers	  Jacqueline	  Barrett	  and	  Peter	  Gibson	  from	  Monash	  University,	  
summarize	  the	  evidence	  and	  applications	  of	  the	  most	  common	  approaches	  to	  managing	  food	  
intolerance.	  In	  this	  article	  they	  discuss	  that	  NCGS	  “may	  be	  important	  in	  a	  subgroup	  of	  patients	  
with	  IBS”	  (47).	  	  They	  discuss	  one	  of	  the	  first	  randomized	  control	  trials	  performed	  by	  
Biesiekierski	  et	  al	  where	  34	  patients	  with	  IBS,	  whose	  symptoms	  were	  controlled	  through	  a	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gluten-­‐free	  diet	  were	  challenged	  to	  eat	  bread	  and	  muffins	  containing	  gluten	  or	  a	  placebo.	  A	  
total	  of	  68%	  of	  the	  participants	  had	  an	  exacerbation	  of	  symptoms	  within	  one	  week	  of	  the	  
gluten	  challenge	  compared	  to	  40%	  receiving	  the	  placebo	  (47).	  The	  results	  of	  this	  study	  
suggested	  the	  presence	  of	  NCGS	  in	  IBS,	  but	  no	  mechanisms	  were	  found.	  Based	  on	  this	  study	  
Barrett	  and	  Gibson	  discuss	  the	  possibility	  of	  using	  a	  low	  FODMAP	  diet	  on	  NCGS	  patients	  to	  
ameliorate	  symptoms.	  However,	  due	  to	  the	  lack	  of	  research	  they	  concluded	  that	  further	  
research	  is	  needed	  to	  “confirm	  and	  examine	  the	  mechanism	  of	  this	  action”	  (47).	  	  
	  
5.3	  Nutritional	  Consequences	  of	  a	  Gluten-­Free	  Diet	  
Making	  sustainable	  food	  changes	  may	  be	  difficult	  to	  accomplish,	  especially	  when	  it	  involves	  the	  
abandonment	  of	  staple	  foods	  such	  as	  wheat	  because	  they	  are	  usually	  very	  closely	  connected	  
with	  customs	  and	  culture	  (48).	  Altering	  food-­‐choices	  due	  to	  food-­‐related	  disease	  is	  also	  affected	  
by	  emotional,	  social	  and	  symbolic	  factors,	  “which	  in	  turn	  are	  influenced	  by	  family	  eating	  
patterns,	  peers’	  attitude,	  and	  identification	  with	  special	  food	  items”	  (48).	  In	  addition,	  drastic	  
changes	  such	  as	  alterations,	  substitution	  and	  deletion	  of	  specific	  food	  groups	  can	  have	  severe	  
nutritional	  consequences.	  This	  results	  due	  to	  lack	  of	  information	  or	  appropriate	  food	  choice	  
guidance.	  	  
	  
There	  are	  several	  studies	  that	  have	  described	  gluten-­‐free	  diets	  as	  high	  in	  saturated	  fatty	  acids	  
and	  sugars	  with	  a	  low	  intake	  of	  fiber	  and	  essential	  micronutrients	  (48).	  In	  a	  study	  performed	  in	  
Sweden,	  7567	  participants	  were	  recruited	  to	  partake	  in	  a	  dietary	  assessment	  through	  a	  food	  
frequency	  questionnaire	  that	  aimed	  to	  study	  how	  the	  intake	  of	  food	  groups	  is	  affected	  by	  a	  GFD	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(48)	  The	  main	  findings	  of	  the	  study	  suggested	  that	  food	  intake	  is	  affected	  by	  a	  diagnosis	  of	  CD	  
despite	  frequent	  use	  of	  manufactured	  GF	  replacement	  products	  before	  the	  diagnosis	  as	  well	  as	  
reduced	  consumption	  of	  many	  energy-­‐dense	  food	  groups	  (48).	  This	  study	  also	  expounded	  that	  
dietary	  habits	  are	  dependent	  on	  the	  availability,	  convenience,	  cost	  and	  palatability	  of	  gluten-­‐
free	  substitutes.	  	  	  
	  
Other	  studies	  have	  aimed	  to	  elucidate	  nutritional	  deficiencies	  of	  a	  GFD.	  In	  the	  2009-­‐2010	  
NHANES	  survey,	  it	  was	  reported	  that	  adherence	  to	  a	  GFD	  could	  lead	  to	  iron	  and	  vitamin	  B	  
deficiencies	  as	  evidenced	  from	  the	  patients’	  lower	  serum	  iron	  and	  hemoglobin	  levels	  compared	  
to	  those	  not	  on	  a	  GFD	  (39).	  Other	  studies	  demonstrated	  inadequacies	  in	  thiamin,	  Vitamin	  A,	  
folic	  acid	  and	  zinc.	  One	  possible	  explanation	  for	  thiamin	  deficiency	  was	  lack	  of	  availability	  of	  
gluten-­‐free	  foods	  fortified	  with	  thiamin	  (49,	  50).	  Despite	  these	  findings,	  evidence	  regarding	  
micronutrient	  deficiency	  related	  to	  a	  GFD	  is	  limited,	  and	  therefore	  more	  research	  is	  needed	  to	  
elucidate	  the	  nutritional	  consequences	  of	  a	  GFD.	  	  
	  
6.	  RISE	  OF	  THE	  GLUTEN-­FREE	  INDUSTRY	  
The	  USDA	  Economic	  Research	  Service	  (30)	  has	  reported	  that	  U.S	  consumption	  of	  wheat	  
products	  drastically	  dropped	  starting	  in	  the	  year	  2000	  from	  an	  estimated	  146.3	  pounds	  per	  
person	  to	  132.5	  pounds	  per	  person	  in	  2011	  (30).	  In	  the	  year	  2000,	  more	  people	  removed	  wheat	  
from	  their	  diet	  due	  to	  public	  interest	  to	  lower	  carbohydrate	  consumption.	  Although	  the	  overall	  
prevalence	  of	  NCGS	  in	  the	  general	  population	  is	  still	  unknown,	  more	  people	  including	  children	  
and	  healthy	  adults	  seem	  to	  have	  issues	  with	  gluten	  and	  are	  self-­‐diagnosing	  and	  starting	  a	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gluten-­‐free	  diet	  without	  medical	  consultation	  or	  advice	  (19).	  	  This	  in	  turn	  has	  led	  to	  a	  new	  
health	  fad	  of	  going	  “gluten-­‐free”.	  	  
	  
The	  rise	  of	  CD	  and	  NCGS	  has	  also	  led	  to	  an	  increase	  of	  gluten-­‐free	  products.	  At	  first,	  these	  
products	  were	  alternatives	  for	  those	  diagnosed	  with	  one	  of	  these	  conditions;	  however,	  
increasing	  social	  awareness	  of	  gluten-­‐free	  diets	  has	  led	  to	  large	  sub-­‐sections	  of	  the	  population	  
who	  consume	  gluten-­‐free	  products.	  In	  addition,	  endorsements	  from	  celebrities	  have	  
contributed	  to	  the	  increased	  awareness	  of	  the	  possible	  “health	  benefits”	  of	  gluten	  avoidance	  
including	  weight	  loss.	  This	  is	  an	  interesting	  concept	  considering	  patients	  with	  CD	  who	  adhere	  to	  
a	  GFD	  generally	  increase	  in	  weight	  and	  improved	  BMI	  status	  because	  gut	  permeability	  and	  the	  
inflammatory	  response	  resolves	  once	  a	  patient	  restricts	  gluten	  from	  the	  diet.	  Strict	  adherence	  
allows	  the	  body	  to	  absorb	  nutrients	  and	  improve	  weight	  status	  (44).	  	  
	  
As	  of	  April	  20,	  2012,	  Amazon.com	  listed	  4,765	  entries	  for	  “gluten-­‐free”	  products	  and	  a	  Google	  
search	  produced	  more	  than	  4.2	  million	  results	  for	  the	  same	  search	  (44).	  An	  interesting	  study	  
conducted	  by	  Mintel,	  a	  world	  renowned	  award-­‐winning	  market	  research	  company	  (51),	  
revealed	  consumer	  reasons	  for	  choosing	  gluten	  free	  products	  other	  than	  sensitivity.	  The	  study	  
revealed	  that	  a	  stunning	  67%	  of	  consumers	  purchase	  gluten-­‐free	  products	  because	  they	  believe	  
it	  is	  healthier	  and	  27%	  do	  it	  for	  weight	  loss.	  The	  study	  also	  showed	  that	  only	  7%	  of	  consumers	  
eat	  gluten-­‐free	  products	  to	  reduce	  inflammation	  while	  4%	  reported	  using	  it	  to	  combat	  




In	  an	  article	  published	  in	  Food	  Business	  News,	  Amanda	  Topper,	  a	  food	  analyst	  for	  Mintel	  
expressed	  that	  it	  is	  “really	  interesting	  to	  see	  that	  consumers	  think	  gluten-­‐free	  foods	  are	  
healthier	  and	  can	  help	  them	  lose	  weight	  because	  there’s	  been	  no	  research	  affirming	  these	  
beliefs”	  (52).	  She	  further	  explains	  that	  these	  views	  are	  what	  is	  driving	  the	  consumer	  market	  of	  
gluten-­‐free	  products,	  and	  that	  the	  market	  has	  increased	  44%	  between	  2011-­‐2013,	  reaching	  
about	  $10.5	  billion	  in	  sales	  (52).	  	  
	  
Additionally,	  with	  the	  increasing	  awareness	  of	  gluten	  sensitivity,	  the	  consumer	  market	  has	  
adjusted	  to	  the	  increasing	  demand	  for	  gluten-­‐free	  products.	  For	  example,	  in	  2011	  General	  Mills	  
launched	  the	  glutenfreely.com	  website,	  where	  it	  gave	  its	  consumers	  the	  opportunity	  to	  
purchase	  gluten-­‐free	  options	  (53).	  Two	  years	  later,	  in	  2013,	  the	  company	  shut	  down	  this	  
website,	  not	  because	  it	  was	  not	  successful,	  but	  because	  gluten-­‐free	  items	  had	  become	  
mainstream	  that	  they	  no	  longer	  needed	  the	  online	  store.	  
	  
This	  clear	  consumer	  demand	  for	  gluten-­‐free	  products	  has	  led	  other	  companies	  to	  make	  changes	  
as	  well.	  For	  example,	  according	  to	  Food	  Business	  News	  “ABC	  Bakers,	  a	  licensed	  Girl	  Scout	  
cookie	  maker,	  tested	  Gluten	  Free	  Chocolate	  Chip	  Shortbread	  Cookies	  in	  20	  select	  markets	  as	  
part	  of	  the	  Girl	  Scout’s	  2013-­‐14	  cookie	  sale”	  (53).	  Companies	  such	  as	  Bakeries	  USA,	  Tasty	  Baking	  
and	  Barilla	  have	  taken	  similar	  actions.	  It	  is	  also	  interesting	  to	  note	  that	  the	  gluten-­‐free	  
proliferation	  is	  not	  just	  for	  those	  who	  suffer	  from	  CD	  or	  NCGS,	  but	  for	  whole	  families	  and	  
individuals	  who	  perceive	  this	  as	  a	  healthier	  alternative	  (53).	  Likewise,	  consumers	  have	  greater	  
expectations	  with	  regard	  to	  gluten-­‐free	  items.	  “It	  is	  no	  longer	  about	  having	  a	  gluten-­‐free	  
34 
 
product.	  The	  product	  must	  have	  a	  taste	  and	  texture	  similar	  to	  a	  non-­‐gluten-­‐free	  item.	  In	  some	  
cases,	  the	  product	  also	  must	  have	  a	  similar	  price”	  (53).	  	  
	  
Andrea	  Caremoli,	  president	  and	  CEO	  of	  Caremoli	  USA,	  a	  natural	  group	  manufacturer	  stated	  that	  
“Some	  consumers	  consider	  gluten-­‐free	  to	  be	  a	  miracle	  food”	  proceeded	  to	  explain	  that	  “what’s	  
driving	  it	  is	  that	  doctors	  are	  able	  to	  diagnose	  gluten	  intolerance	  quicker	  and	  more	  easily	  than	  in	  
the	  past”	  (54).	  There	  is	  a	  clear	  misinterpretation	  in	  the	  general	  population	  regarding	  the	  
diagnosis	  of	  NCGS	  since	  more	  doctors	  are	  not	  diagnosing	  NCGS	  more	  quickly,	  but	  rather	  more	  
patients	  are	  presenting	  with	  several	  symptoms	  related	  to	  this	  disease.	  It	  is	  also	  evident	  that	  
there	  are	  contrasting	  views	  on	  what	  is	  influencing	  the	  gluten-­‐free	  diet	  and	  that	  there	  are	  many	  
driving	  factors	  for	  people’s	  choice	  to	  follow	  a	  gluten-­‐free	  life.	  	  
	  
With	  the	  rise	  of	  gluten	  products	  in	  the	  consumer	  markets,	  in	  August	  of	  2013,	  the	  FDA	  defined	  
the	  term	  “gluten-­‐free”	  for	  voluntary	  use	  in	  food	  labels.	  To	  meet	  the	  gluten-­‐free	  criteria,	  the	  
food	  must	  not	  contain	  a	  gluten-­‐containing	  grain	  such	  as	  wheat,	  rye	  or	  barley;	  ingredients	  
derived	  from	  gluten-­‐containing	  grain	  or	  use	  of	  a	  gluten-­‐containing	  grain	  that	  has	  been	  
processed	  if	  the	  results	  are	  greater	  than	  20ppm	  (11).	  Similarly,	  CODEX	  Alimentarious,	  an	  
international	  organization	  of	  food	  standards	  supported	  by	  the	  World	  Health	  Organization	  and	  
the	  Food	  and	  Agriculture	  Organization	  of	  the	  United	  Nations,	  drafted	  a	  statement	  for	  gluten-­‐
free	  foods	  (55).	  In	  this	  statement,	  they	  proposed	  that	  foods	  labeled	  gluten-­‐free	  cannot	  contain	  




In	  June	  2014,	  the	  FDA	  released	  a	  guide	  to	  gluten-­‐free	  labeling	  for	  small	  businesses.	  Similarly,	  
the	  Whole	  Wheat	  Council	  has	  continued	  to	  support	  research	  regarding	  prevalence	  of	  CD	  and	  
has	  developed	  its	  Whole	  Grain	  Stamp	  program,	  with	  its	  clear	  designation	  of	  whole	  grain	  gram-­‐
content,	  to	  promote	  truth	  in	  whole	  grain	  labeling.	  However,	  they	  currently	  do	  not	  have	  any	  
guidelines	  or	  stamps	  for	  gluten-­‐free	  products	  (59).	  	  
	  
7.	  NEED	  FOR	  RESEARCH	  	  	  
It	  is	  evident	  from	  the	  literature	  that	  there	  are	  a	  number	  of	  factors	  that	  have	  prompted	  people	  
to	  follow	  a	  GFD.	  Increased	  understanding	  of	  IBS,	  NCGS	  and	  CD	  as	  well	  as	  the	  science	  behind	  
gluten	  are	  some	  reasons	  for	  such	  a	  following.	  	  However,	  these	  findings	  are	  just	  the	  surface	  of	  
this	  phenomenon.	  Market	  research	  has	  demonstrated	  the	  exponentially	  increased	  demand	  for	  
gluten-­‐free	  products,	  but	  despite	  all	  of	  the	  evidence	  there	  is	  very	  little	  information	  on	  
consumer	  knowledge	  and	  behaviors	  surrounding	  a	  GFD.	  	  	  
	  
In	  an	  effort	  to	  understand	  perceptions	  of	  consumers	  who	  purchase	  gluten-­‐free	  foods,	  a	  group	  
of	  researchers	  surveyed	  121	  CD	  patients	  aiming	  to	  understand	  perceptions	  of	  gluten-­‐free	  
products,	  consumer	  behavior	  and	  which	  products	  are	  most	  desired.	  A	  total	  of	  91	  questionnaires	  
were	  analyzed	  and	  found	  that	  the	  greatest	  degrees	  of	  dissatisfaction	  regarding	  GF	  products	  
were	  variety,	  price	  and	  availability	  (56).	  Low	  palatability	  and	  social	  factors	  were	  also	  factors	  
that	  impacted	  satisfaction	  scores.	  All	  of	  these	  factors	  also	  suggested	  a	  negative	  impact	  on	  
adherence	  to	  a	  GF	  diet	  (56).	  Despite	  the	  researchers’	  efforts	  this	  study	  only	  demonstrated	  CD	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consumer	  preferences	  of	  gluten-­‐free	  products	  and	  their	  satisfaction	  with	  their	  quality	  of	  life,	  
therefore	  it	  is	  not	  a	  good	  representation	  of	  all	  gluten-­‐free	  consumers.	  	  
	  
A	  recent	  study	  explored	  the	  popularity,	  experiences	  and	  beliefs	  surrounding	  gluten-­‐free	  diets	  in	  
non-­‐celiac	  athletes	  (57).	  Athletes	  from	  professional	  and	  academic	  networks	  were	  recruited	  to	  
participate	  in	  an	  online	  survey.	  Nine	  hundred	  and	  twenty-­‐four	  athletes	  completed	  the	  survey,	  
528	  who	  were	  female,	  377	  male	  and	  ranged	  from	  18	  to	  over	  50	  years	  old.	  	  Athletes	  represented	  
a	  broad	  range	  of	  sports	  and	  competitive	  levels	  including	  18	  World	  and	  Olympic	  medalists	  (57).	  	  
	  
The	  survey	  collected	  data	  related	  to	  five	  topics:	  demographics,	  GFD	  adherence,	  rate	  of	  GI	  
symptoms	  occurrence,	  perceptions	  pertaining	  to	  a	  GFD	  and	  athletic	  performance	  and	  sources	  
of	  GFD	  information	  (57).	  The	  results	  showed	  that	  56.7%	  of	  athletes	  self-­‐diagnosed	  as	  NCGS	  
based	  on	  symptoms	  or	  no	  symptoms	  and	  only	  9.9%	  were	  clinically	  diagnosed.	  The	  most	  
prevalent	  sources	  of	  GFD	  information	  were	  online	  (28.7%),	  trainer/coach	  (26.2%),	  other	  
athletes	  (17.4%)	  and	  Registered	  Dietitian	  (14.4%).	  Gluten	  removal	  was	  also	  reported	  to	  resolve	  
physical	  symptoms	  triggered	  by	  gluten	  in	  80.7%	  of	  the	  athletes	  (57).	  	  Out	  of	  all	  of	  the	  results	  
analyzed	  the	  most	  interesting	  category	  was	  beliefs/dietary	  habits	  where	  77.9%	  of	  the	  athletes	  
responded	  to	  follow	  a	  GFD	  because	  they	  are	  “more	  conscientious	  of	  overall	  nutrition	  intake”	  
and	  perceive	  themselves	  as	  eating	  more	  fruits	  and	  vegetables	  and	  gluten-­‐free	  whole	  grains	  and	  
less	  processed	  foods.	  Additionally,	  56.3%	  of	  the	  athletes	  believed	  that	  a	  GFD	  did	  improve	  
exercise	  performance	  and	  74.4%	  believed	  that	  it	  improved	  body	  composition	  for	  improved	  




Currently,	  this	  is	  the	  only	  research	  that	  has	  aimed	  to	  understand	  knowledge	  and	  behaviors	  
surrounding	  a	  gluten-­‐free	  diet,	  however	  there	  are	  no	  studies	  that	  have	  compared	  medically	  
versus	  self-­‐diagnosed	  individuals.	  The	  present	  study	  will	  compare	  the	  knowledge,	  sources	  of	  
information,	  behaviors	  and	  nutritional	  consequences	  of	  a	  gluten-­‐free	  diet	  between	  medically	  
and	  self-­‐diagnosed	  groups.	  The	  results	  will	  provide	  professionals	  with	  the	  necessary	  






































Gluten,	  a	  protein	  found	  in	  wheat,	  rye	  and	  barley	  has	  been	  linked	  to	  the	  inflammatory	  response	  
of	  the	  GI	  tract	  in	  individuals	  with	  Celiac	  Disease	  (CD),	  non-­‐celiac	  gluten	  sensitivity	  (NCGS)	  and	  in	  
some	  cases	  irritable	  bowel	  syndrome	  (IBS).	  The	  purpose	  of	  this	  research	  was	  to	  examine	  the	  
knowledge,	  behaviors	  and	  adherence	  of	  individuals	  following	  a	  gluten-­‐free	  diet	  based	  on	  a	  
medical	  diagnosis	  versus	  those	  who	  self-­‐diagnose	  themselves,	  and	  the	  nutritional	  




A	  survey	  instrument	  was	  designed	  to	  collect	  data	  and	  was	  administered	  online	  using	  Qualtrics.	  
The	  study	  protocol	  was	  approved	  by	  the	  Syracuse	  University	  Institutional	  Review	  Board	  (IRB)	  in	  




A	  questionnaire	  consisting	  of	  forty-­‐three	  consecutive	  questions	  was	  made	  available	  to	  
participants	  throughout	  Syracuse	  University.	  The	  questions	  and	  statements	  in	  this	  
questionnaire	  consisted	  of	  closed-­‐ended	  questions	  with	  the	  exception	  of	  one	  open-­‐ended	  
question.	  Questions	  were	  formatted	  in	  a	  variety	  of	  ways	  that	  included	  matrix	  and	  contingency	  
questions.	  Answer	  options	  included	  five-­‐point	  Likert	  scales,	  multiple	  choice,	  choose	  all	  that	  
apply	  and	  one	  open-­‐ended	  option.	  The	  questionnaire	  was	  divided	  into	  six	  sections	  that	  included	  




• Characteristics	  of	  study	  population	  (9-­‐14	  questions)	  	  
• Dietary	  practices	  and	  diagnosis	  by	  a	  doctor	  (5-­‐7	  questions)	  
• Consumer	  knowledge	  and	  sources	  of	  information	  of	  gluten	  (5	  questions)	  
• Purchasing	  behaviors	  of	  consumers	  (6	  questions)	  
• Changes	  in	  dietary	  behaviors	  following	  a	  GFD	  (4	  questions)	  
• Adherence	  to	  a	  GFD	  (6-­‐7	  questions)	  
	  
The	  questionnaire	  was	  adapted	  from	  two	  previously	  validated	  surveys	  that	  included	  the	  CD-­‐
Quality	  of	  Life	  Scale	  and	  a	  previous	  investigation	  on	  consumer	  perspectives	  of	  organic	  foods	  
(58,	  60).	  In	  addition,	  the	  survey	  included	  validated	  questions	  from	  the	  American	  Medical	  
Association	  Eating	  Pattern	  Questionnaire	  and	  a	  recent	  study	  concerning	  the	  popularity,	  
experiences	  and	  beliefs	  surrounding	  GFD	  in	  non-­‐coeliac	  athletes	  (57).	  The	  questionnaire	  was	  
entered	  into	  Qualtrics	  Survey	  Software	  to	  ensure	  anonymity.	  In	  January	  of	  2015,	  a	  final	  draft	  
version	  of	  the	  questionnaire	  was	  pilot-­‐tested	  among	  a	  group	  of	  graduate	  students	  and	  faculty.	  
The	  final	  version	  of	  the	  questionnaire	  was	  opened	  for	  data	  collection	  from	  January	  26-­‐February	  
9,	  a	  two	  week	  period.	  In	  keeping	  with	  IRB	  requirements,	  participants	  were	  presented	  with	  a	  
pre-­‐approved	  script,	  which	  described	  the	  questionnaire,	  outlined	  participant’s	  risks	  and	  allowed	  
for	  voluntary	  participation	  and	  self-­‐selection.	  There	  were	  minimal	  risks	  associated	  with	  
participation	  in	  this	  study	  and	  no	  direct	  benefits	  to	  the	  respondents.	  The	  questionnaire	  took	  









CHARACTERISTICS	  OF	  STUDY	  POPULATION	  
A	  series	  of	  demographic	  questions	  were	  asked	  on	  gender,	  age,	  race/ethnicity,	  education,	  
occupation,	  living	  situation	  and	  use	  of	  Syracuse	  University’s	  dining	  centers.	  This	  information	  
was	  later	  used	  to	  compare	  respondent’s	  attitudes	  and	  perceptions	  regarding	  a	  GFD	  addressed	  
in	  the	  questionnaire.	  	  
	  
DIETARY	  PRACTICES	  AND	  DIAGNOSIS	  BY	  A	  DOCTOR	  	  
A	  series	  of	  questions	  about	  diet	  behaviors	  were	  asked	  in	  order	  to	  classify	  participants.	  
Questions	  about	  medical	  diagnosis,	  type	  of	  diagnosis,	  diets	  followed	  in	  the	  past	  as	  well	  as	  
currently,	  and	  uses	  and	  reasons	  for	  following	  a	  GFD	  were	  included.	  	  
	  
CONSUMER	  KNOWLEDGE	  AND	  SOURCES	  OF	  INFORMATION	  	  
Specific	  questions	  about	  the	  sources	  that	  individuals	  use	  to	  gather	  information	  about	  gluten	  
were	  included.	  The	  purpose	  of	  this	  section	  was	  to	  compare	  sources	  of	  information	  utilized	  by	  
participants	  with	  knowledge	  and	  adherence	  to	  the	  GFD.	  This	  section	  also	  included	  a	  series	  of	  
questions	  to	  identify	  participant’s	  knowledge	  of	  wheat	  and	  gluten	  and	  gluten	  sources.	  	  
	  
PURCHASING	  BEHAVIORS	  OF	  CONSUMERS	  
Questions	  in	  this	  section	  were	  directed	  at	  consumers’	  shopping	  behaviors	  and	  label	  reading	  





ADHERENCE	  TO	  A	  GLUTEN-­‐FREE	  DIET	  
Questions	  in	  this	  section	  were	  intended	  to	  categorize	  participants	  who	  strictly	  follow	  a	  GFD	  
versus	  those	  who	  struggle	  to	  follow	  the	  diet.	  Questions	  related	  to	  participants’	  challenges	  with	  
this	  diet	  such	  as	  feeling	  different,	  embarrassed	  or	  giving	  up	  activities	  due	  to	  the	  gluten-­‐
restriction	  in	  their	  diet,	  as	  well	  as	  questions	  about	  participants’	  quality	  of	  life	  after	  starting	  a	  
GFD	  were	  included.	  	  
	  
CHANGES	  IN	  DIETARY	  BEHAVIOR	  FOLLOWING	  A	  GLUTEN-­‐FREE	  DIET	  
This	  section	  asked	  specific	  questions	  regarding	  the	  participant’s	  dietary	  behaviors	  after	  starting	  
a	  GFD.	  The	  purpose	  was	  to	  identify	  changes	  in	  the	  diet	  such	  as	  increase	  or	  decrease	  of	  essential	  
macro	  and	  micronutrients.	  A	  specific	  question	  on	  the	  use	  of	  vitamin	  and/or	  herbal	  supplements	  
was	  also	  included.	  
	  
2.2	  Sample	  Selection	  
Participants	  were	  recruited	  through	  email	  list	  serves	  that	  were	  accessed	  after	  receiving	  letters	  
of	  cooperation	  from	  the	  Deans	  of	  the	  following	  colleges	  at	  Syracuse	  University:	  
• David	  B.	  Falk	  College	  of	  Sports	  and	  Human	  Dynamics	  
• Maxwell	  School	  of	  Citizenship	  and	  Public	  Affairs	  
• School	  of	  Education	  
	  
All	  letters	  of	  cooperation	  were	  reviewed	  and	  approved	  by	  the	  IRB.	  An	  e-­‐mail	  consisting	  of	  the	  
survey	  included	  a	  brief	  description	  of	  the	  project,	  contact	  information	  for	  the	  primary	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investigator	  and	  the	  Qualtrics	  link	  to	  the	  survey.	  	  Additional	  emails	  were	  sent	  out	  to	  specific	  
professors	  in	  the	  nutrition	  department	  to	  distribute	  the	  survey	  link	  to	  their	  classes.	  	  
	  
Flyers	  and	  table	  tents	  were	  distributed	  throughout	  the	  SU	  campus	  dining	  facilities	  and	  faculty	  
staff	  lounges	  with	  the	  help	  of	  the	  Syracuse	  University	  Food	  Services	  staff.	  Additional	  flyers	  were	  
posted	  on	  bulletin	  boards	  and	  placed	  in	  student	  mailboxes	  around	  campus	  and	  neighboring	  
locations	  in	  the	  campus	  vicinity.	  Flyers	  and	  table	  tents	  contained	  a	  brief	  description	  of	  the	  
study,	  contact	  information	  for	  the	  primary	  investigator	  and	  a	  short	  link	  to	  the	  survey.	  The	  short	  
link	  to	  the	  survey	  was	  acquired	  through	  Google	  URL	  Shortener,	  which	  compacted	  the	  long	  
Qualtrics	  link	  into	  a	  more	  user-­‐friendly	  link	  (http://goo.gl/klHlzj).	  	  
	  
A	  social	  media	  source,	  Facebook,	  was	  utilized	  to	  post	  the	  Qualtrics	  link	  of	  the	  survey	  on	  the	  
Syracuse	  University	  page,	  Syracuse	  Orange	  page	  and	  Syracuse	  University	  Alumni	  page.	  	  
	  
2.3	  Inclusion	  and	  Exclusion	  Criteria	  
All	  individuals	  eighteen	  years	  of	  age	  and	  older	  and	  who	  actively	  follow	  a	  GFD	  whether	  they	  had	  
been	  medically	  diagnosed	  with	  NCGS	  or	  CD	  or	  who	  had	  self-­‐diagnosed	  themselves	  were	  
included.	  In	  addition,	  individuals	  who	  seldom	  follow	  a	  GFD	  or	  who	  have	  made	  previous	  
attempts	  to	  follow	  a	  GFD	  were	  included.	  The	  decision	  to	  have	  broad	  inclusion	  criteria	  was	  to	  
increase	  the	  likelihood	  of	  securing	  an	  appropriate	  number	  of	  respondents.	  All	  individuals	  who	  
have	  never	  followed	  a	  GFD	  or	  who	  have	  never	  made	  a	  previous	  attempt	  to	  follow	  a	  GFD	  were	  
43 
 
excluded	  from	  the	  study.	  Additionally,	  children	  (any	  individual	  17	  and	  below)	  were	  excluded	  
from	  this	  study.	  
	  
2.4	  Data	  Analysis	  	  	  
The	  data	  collected	  from	  the	  Qualtrics	  program	  was	  first	  analyzed	  through	  descriptive	  analysis.	  
The	  results	  for	  each	  section	  were	  analyzed	  using	  the	  statistics	  provided	  by	  Qualtrics	  for	  each	  
specific	  question.	  Once	  the	  data	  was	  organized	  it	  was	  entered	  into	  the	  SPSS	  software.	  The	  data	  
was	  cleaned	  and	  all	  variables	  were	  renamed	  to	  match	  the	  research	  codebook	  and	  
questionnaire.	  	  
	  
Once	  on	  SPSS,	  specific	  variables	  were	  either	  recoded	  or	  computed	  to	  provide	  specific	  scores.	  	  
Descriptive	  statistics	  using	  frequencies	  with	  skewness	  and	  kurtosis	  and	  cross-­‐tabulations	  with	  
correlations	  were	  conducted	  multiple	  times	  for	  the	  following	  categories:	  diagnosis	  of	  a	  gluten-­‐
free	  diet,	  knowledge,	  perception,	  sources	  of	  information,	  purchasing	  and	  dieting	  behaviors	  and	  
adherence.	  	  
	  
• To	  identify	  individuals	  who	  self-­‐diagnosed	  themselves	  versus	  those	  who	  are	  medically	  
diagnosed	  with	  either	  Celiac	  Disease,	  Gluten	  Sensitivity	  or	  Irritable	  Bowel	  Syndrome	  
answers	  to	  the	  fourth	  question	  of	  the	  questionnaire,	  what	  best	  describes	  why	  you	  follow	  
a	  gluten-­‐free	  diet	  (Q4)	  were	  recoded	  into	  two	  groups:	  medical	  diagnosis	  and	  self-­‐
diagnosis.	  The	  medical	  diagnosis	  group	  was	  furthered	  divided	  into	  three	  diagnostic	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criteria:	  Celiac	  Disease,	  Gluten	  Sensitivity	  and	  Irritable	  Bowel	  Syndrome.	  The	  statistical	  
analyses	  used	  for	  this	  category	  were	  frequencies	  and	  cross-­‐tabulations	  (Table	  2).	  	  
	  
• Reasons	  why	  consumers	  choose	  to	  follow	  a	  gluten-­‐free	  diet	  were	  identified	  through	  the	  
question	  why	  do	  you	  follow	  a	  gluten-­‐free	  diet	  (Q7).	  Answer	  choices	  in	  this	  question	  were	  
categorized	  into	  two	  groups:	  medical	  versus	  social	  reasons	  and	  were	  analyzed	  using	  
bivariate	  correlation	  analysis	  (Table	  3).	  	  
	  
• Total	  Knowledge	  score	  was	  achieved	  by	  creating	  a	  scale	  for	  questions	  eleven	  and	  twelve	  
of	  the	  survey,	  which	  asked	  the	  participants	  to	  identify	  products	  and	  ingredients	  that	  
contain	  gluten.	  Scores	  were	  calculated	  based	  on	  the	  number	  of	  products	  that	  the	  
respondents	  got	  correct.	  The	  score	  for	  these	  two	  questions	  was	  added	  to	  question	  nine,	  
which	  asked	  the	  participants	  to	  correctly	  identify	  the	  definition	  of	  gluten.	  	  
Question	  eleven	  score:	  16	  	  +	  
Question	  twelve	  score:	  26	  	  +	  
Question	  nine	  score:	  1	  
_________________________	  
Total	  Score:	  43	  (100%)	  
	  
The	  total	  score	  was	  computed	  out	  of	  forty-­‐three	  points.	  Participants	  who	  correctly	  
answered	  all	  three	  questions	  obtained	  a	  score	  of	  100%.	  	  The	  mean	  scores	  for	  total	  
knowledge	  were	  calculated	  using	  an	  independent-­‐samples	  t-­‐test	  and	  a	  Mann-­‐Whitney	  U	  




• Perception	  of	  wheat	  and	  gluten	  was	  measured	  through	  a	  5-­‐point	  Likert	  scale,	  which	  
asked	  participants	  to	  indicate	  their	  level	  of	  agreement	  or	  disagreement	  with	  the	  
following	  statements:	  wheat	  is	  good;	  gluten	  is	  good.	  The	  mean	  and	  standard	  deviation	  
for	  these	  categories	  were	  obtained	  through	  frequencies	  and	  cross-­‐tabulations	  (Table	  5).	  	  
	  
• Sources	  of	  Information	  utilized	  by	  participants	  to	  acquire	  information	  regarding	  gluten	  
were	  identified	  through	  the	  question	  where	  do	  you	  get	  your	  information	  about	  gluten.	  
Answer	  choices	  in	  this	  question	  were	  categorized	  into	  two	  groups:	  medical	  versus	  social	  
sources	  and	  were	  examined	  using	  bivariate	  correlation	  analysis	  (Table	  6).	  	  
	  
• Purchasing	  behaviors	  of	  consumers	  was	  identified	  through	  the	  question	  what	  prompts	  
you	  to	  buy	  gluten-­‐free	  products.	  Answers	  to	  this	  question	  were	  divided	  into	  three	  
categories:	  food	  allergy,	  health	  and	  nutrition	  and	  “other”.	  The	  mean	  and	  standard	  
deviation	  were	  obtained	  by	  running	  frequencies	  and	  cross-­‐tabulations	  (Table	  7).	  	  
	  
• Important	  features	  of	  the	  food	  label	  were	  compared	  between	  the	  medical	  diagnosing	  
and	  self-­‐diagnosis	  group	  using	  a	  univariate/two-­‐way	  between	  groups	  analysis	  of	  
variance	  (ANOVA).	  The	  mean	  and	  standard	  deviation	  is	  illustrated	  in	  Table	  8,	  and	  the	  full	  




• Dietary	  Behaviors	  of	  consumers	  were	  measured	  by	  first	  looking	  at	  the	  dieting	  history	  of	  
the	  participants,	  which	  was	  scored	  based	  on	  answers	  to	  the	  questions	  do	  you	  follow	  a	  
special	  diet	  and	  have	  you	  ever	  tried	  any	  of	  the	  following	  diets.	  	  
! A	  score	  of	  zero	  meant	  that	  the	  participants	  have	  never	  followed	  a	  special	  diet.	  
! A	  score	  of	  1	  meant	  that	  participants	  have	  followed	  one	  diet	  in	  their	  lifetime.	  
! A	  score	  of	  2-­‐4	  meant	  that	  participants	  have	  tried	  several	  diets	  throughout	  their	  
life.	  
	  
Dieting	  history	  means	  were	  compared	  using	  an	  independent-­‐samples	  t-­‐test	  and	  a	  Mann-­‐
Whitney	  U	  test	  for	  statistical	  significance	  reinforcement	  (Table	  9).	  	  
	  
• Another	  set	  of	  questions	  aimed	  at	  consumers’	  strategies	  for	  using	  alternatives	  to	  gluten-­‐
containing	  foods	  were	  asked	  to	  measure	  dietary	  changes	  of	  participants.	  The	  answer	  
options	  for	  these	  questions	  included:	  any	  item	  labeled	  gluten-­‐free,	  only	  specific	  gluten-­‐
free	  brand	  names,	  other	  grains	  such	  as	  corn	  and	  rice,	  meat	  products,	  dairy	  products	  or	  
fruits	  and	  vegetables.	  Answers	  to	  these	  questions	  were	  compared	  to	  individuals	  who	  
were	  diagnosed	  by	  a	  medical	  doctor	  and	  those	  who	  self-­‐diagnosed.	  	  Mean	  and	  standard	  
deviation	  were	  obtained	  through	  frequencies	  and	  cross-­‐tabulations	  (Table	  10).	  	  
	  
• Nutritional	  consequences	  of	  a	  gluten-­‐free	  diet	  were	  assessed	  through	  the	  question	  How	  
have	  the	  following	  food	  groups	  changed	  in	  your	  diet	  since	  starting	  a	  gluten-­‐free	  diet?	  
(Q27).	  An	  independent-­‐samples	  t-­‐test	  was	  utilized	  to	  compare	  the	  means	  of	  each	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category	  and	  a	  Mann-­‐Whitney	  U	  was	  used	  to	  reinforce	  any	  statistical	  significance	  finding	  
(Table	  11).	  	  
	  
• Total	  adherence	  to	  a	  gluten-­‐free	  diet	  was	  computed	  by	  combining	  the	  scores	  of	  the	  
following	  four	  questions:	  	  
! Question	  16:	  How	  often	  do	  you	  buy	  gluten-­‐free	  products?	  
! Question	  17:	  When	  I	  do	  buy	  one	  of	  the	  following	  products,	  I	  buy	  the	  gluten-­‐free	  
version:	  
! Question	  19:	  Have	  you	  had	  difficulty	  accepting	  a	  gluten-­‐free	  diet?	  
! Question	  22:	  Do	  you	  ALWAYS	  follow	  a	  gluten-­‐free	  diet?	  
	  
Question	  sixteen	  answer	  =	  “Always”:	  	  	  	  	  	  	  	  	  	  	  	  	  	  1	  	  +	  
Question	  seventeen	  answer	  =	  “Yes	  to	  all”:	  	  	  	  	  9	  	  +	  
Question	  nineteen	  answer	  =	  “No,	  not	  at	  all”:	  1	  	  +	  
Question	  twenty-­‐two	  answer	  =	  “yes”:	  	  	  	  	  	  	  	  	  	  	  	  	  1	  
____________________________________________	  
Total	  Score:	  12	  (100)%	  	  
	  
Total	  adherence	  score	  was	  calculated	  out	  of	  twelve	  points.	  Participants	  who	  earned	  all	  
twelve	  points	  received	  a	  score	  of	  100%.	  The	  mean	  scores	  were	  compared	  using	  an	  
independent-­‐samples	  t-­‐test	  and	  Mann	  Whitney	  U	  test	  was	  utilized	  to	  reinforce	  
statistical	  significance	  (Table	  12).	  	  
	  
Adherence	  to	  a	  gluten-­‐free	  diet	  was	  furthered	  analyzed	  through	  a	  one-­‐way	  analysis	  of	  
variance	  (ANOVA)	  to	  identify	  statistical	  significance	  within	  the	  three	  main	  medical	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diagnosis	  categories	  (CD,	  GS,	  IBS).	  A	  Post	  Hoc	  test	  was	  used	  to	  identify	  the	  statistical	  
significance	  between	  Celiac	  Disease	  and	  Irritable	  Bowel	  Syndrome	  (Table	  13).	  	  
	  
Further,	  quality	  of	  life,	  which	  is	  often	  an	  indicator	  of	  adherence,	  was	  scored	  based	  on	  
three	  questions.	  	  
! Question	  19:	  Have	  you	  had	  difficulty	  accepting	  a	  gluten-­‐free	  diet?	  
! Question	  24:	  Do	  you	  feel	  embarrassed	  about	  asking	  for	  gluten-­‐free	  foods	  when	  
you	  are	  out?	  
! Question:	  25:	  Have	  you	  given	  up	  any	  group	  activities	  because	  you	  are	  afraid	  you	  
might	  be	  tempted	  not	  to	  follow	  a	  gluten-­‐free	  diet?	  
	  
Question	  nineteen	  answer	  “Yes”:	  1	  
Question	  twenty-­‐four	  answer	  “yes”:	  1	  
Question	  twenty-­‐five	  answer	  “yes”	  :1	  
__________________________________	  
	   	   	   Total	  Score:	  3	  (100%)	  
	  
The	  total	  score	  for	  quality	  of	  life	  had	  an	  inverse	  relationship	  meaning:	  
! Score	  0	  =	  Excellent	  quality	  of	  life	  
! Score	  1	  =	  Good	  quality	  of	  life	  
! Score	  2	  =	  Average	  quality	  of	  life	  
! Score	  3	  =	  Poor	  quality	  of	  life	  
	  
Mean	  and	  standard	  deviation	  for	  this	  category	  was	  obtained	  using	  frequencies	  and	  








Two	  hundred	  and	  forty-­‐nine	  responses	  were	  collected.	  Thirty-­‐one	  respondents	  did	  not	  
complete	  the	  survey	  and	  their	  responses	  were	  excluded	  from	  the	  statistical	  analysis	  resulting	  in	  
an	  87.5%	  questionnaire	  completion	  rate.	  The	  remaining	  two	  hundred	  and	  eighteen	  responses	  
were	  entered	  into	  SPSS	  for	  analysis;	  however,	  of	  all	  the	  participants	  who	  did	  complete	  the	  
survey	  only	  respondents	  who	  identified	  as	  having	  followed	  a	  gluten-­‐free	  diet	  (n=73)	  were	  
utilized	  for	  a	  full	  analysis.	  	  
	  
3.1	  Demographics	  of	  Study	  Population	  
	  
Of	  the	  two	  hundred	  and	  eighteen	  individuals	  who	  completed	  the	  questionnaire,	  82%	  (n=179)	  
identified	  as	  female	  and	  18%	  (n=39)	  as	  male.	  Fifty-­‐three	  percent	  (n=116)	  of	  the	  respondents	  
were	  between	  the	  ages	  of	  18-­‐24;	  20%	  (n=43)	  were	  25-­‐34,	  12%	  (n=27)	  35-­‐44,	  9%	  (n=19)	  45-­‐54,	  
5%	  (n=11)	  55-­‐65	  and	  1%	  (n=2)	  66	  and	  above.	  A	  large	  percentage	  of	  the	  respondents	  (80%,	  
n=174)	  identified	  as	  non-­‐Hispanic	  Caucasian/White	  followed	  by	  6%	  (n=12)	  Asian/Pacific	  
Islander,	  6%	  (n=13)	  other,	  4%	  (n=9)	  as	  non-­‐Hispanic	  Black/African	  American,	  3%	  (n=6)	  Hispanic	  
or	  Latino	  and	  2%	  (n=4)	  as	  Native	  Americans.	  	  
	  
Almost	  27%	  (n=59)	  of	  the	  participants	  had	  bachelor’s	  degrees,	  with	  21%	  (n=46)	  holding	  a	  
Master’s	  degree	  and	  9%	  (n=6)	  holding	  doctoral	  or	  professional	  degrees.	  Those	  with	  some	  
college	  (28%,	  n=60),	  high	  school	  diplomas	  or	  equivalents	  (11%,	  n=24)	  and	  associate	  degrees	  
(3%,	  n=7)	  made	  up	  the	  remaining	  42%	  of	  respondents.	  The	  majority	  of	  the	  respondents	  also	  
reported	  being	  students	  59%	  (n=129)	  or	  employed	  for	  wages	  36%	  (n=78).	  Of	  these	  respondents	  
100%	  of	  the	  students	  attended	  Syracuse	  University.	  Of	  the	  129	  respondents	  37%	  (n=48)	  were	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graduate	  students,	  11%	  (n=14)	  were	  Seniors,	  17%	  (n=22)	  were	  Juniors,	  13%	  (n=17)	  were	  
Sophomores	  and	  22%	  (n=28)	  were	  Freshmen.	  	  	  
	  
Of	  the	  two	  hundred	  and	  eighteen	  respondents,	  8%	  (n=17)	  were	  health	  care	  professionals.	  Wide	  
ranges	  of	  health	  care	  occupations	  were	  reported	  among	  these	  respondents	  that	  included	  two	  
Registered	  Dietitians	  and	  one	  Medical	  Doctor.	  Other	  occupations	  included	  Nutritionists,	  
Physical	  therapists,	  Chiropractors,	  Clinical	  Exercise	  Physiologists,	  Athletic	  Trainers,	  Social	  
Workers,	  Mental	  Health	  professionals,	  Public	  Health	  professionals	  and	  Occupational	  Therapists.	  	  
	  
Among	  respondents	  65%	  (n=141)	  were	  single,	  30%	  (n=65)	  were	  married	  or	  in	  a	  domestic	  
partnership,	  4%	  (n=10)	  were	  divorced	  or	  separated	  and	  1%	  (n=2)	  responded	  “other”.	  Of	  these,	  
76%	  (n=165)	  reported	  living	  in	  an	  off-­‐campus	  house	  or	  apartment,	  20%	  (n=44)	  reported	  living	  in	  
a	  dorm	  or	  other	  campus	  housing,	  and	  4%	  (n=9)	  as	  “other”.	  The	  majority	  of	  the	  “other”	  
responses	  consisted	  of	  respondents	  who	  owned	  their	  home.	  	  All	  demographic	  data	  is	  illustrated	  
in	  Table	  1.	  	  
	  
Of	  the	  seventy-­‐three	  participants	  who	  reported	  following	  a	  gluten-­‐free	  diet,	  only	  77%	  (n=56)	  
opted	  to	  answer	  demographic	  data.	  Of	  these	  participants	  87.5%	  (n=49)	  identified	  as	  female	  and	  







3.2	  Dietary	  Practices	  and	  Dietary	  Diagnosis	  	  
	  
PARTICIPANTS	  ON	  A	  GLUTEN-­‐FREE	  DIET	  
Two	  initial	  questions	  were	  asked	  to	  participants	  to	  categorize	  them	  into	  one	  of	  two	  groups	  
(Figure	  2):	  	  
• Group	  1:	  those	  who	  have	  a	  history	  of	  dieting	  and	  who	  have	  tried	  a	  gluten-­‐free	  diet.	  	  
• Group	  2:	  those	  who	  do	  not	  follow	  a	  special	  diet	  or	  who	  have	  never	  attempted	  a	  gluten-­‐
free	  diet.	  	  
	  
The	  seventy-­‐three	  respondents	  who	  were	  classified	  to	  group	  one	  were	  asked	  what	  best	  
describes	  the	  reason	  for	  following	  a	  GFD,	  in	  order	  to	  identify	  which	  of	  the	  following	  categories	  
they	  fell	  under:	  
• Category	  1:	  Diagnosed	  by	  a	  doctor.	  
• Category	  2:	  Self-­‐diagnosed.	  
	  
	  
Figure	  2.	  Flow	  chart	  demonstrating	  how	  survey	  participants	  were	  categorized	  into	  





























DIAGNOSED	  BY	  A	  DOCTOR	  
Of	  the	  seventy-­‐three	  people	  who	  reported	  a	  diagnosis,	  37%	  (n=27)	  were	  diagnosed	  by	  a	  doctor	  
and	  63%	  (n=46)	  were	  self-­‐diagnosed.	  Those	  diagnosed	  by	  a	  doctor	  were	  following	  a	  gluten-­‐free	  
diet	  for	  Celiac	  Disease	  (12%,	  n=	  9),	  Gluten	  Sensitivity	  (11%,	  n=8)	  and	  Irritable	  Bowel	  Syndrome	  
(10%,	  n=7).	  Also	  included	  in	  group	  one	  and	  in	  the	  diagnosed	  by	  a	  doctor	  category	  were	  
participants	  who	  reported	  being	  diagnosed	  with	  gluten	  sensitivity	  by	  either	  a	  Chiropractor	  or	  an	  
Acupuncturist	  (4%,	  n=3).	  	  
	  
SELF-­‐DIAGNOSED	  
Of	  the	  respondents	  who	  were	  categorized	  in	  the	  self-­‐diagnosed	  category,	  twenty-­‐six	  percent	  
(n=19)	  reported	  being	  exclusively	  self-­‐diagnosed.	  Twelve	  percent	  (n=9)	  reported	  not	  having	  any	  
symptoms	  related	  to	  CD	  or	  gluten	  sensitivity	  but	  following	  diet	  a	  GFD,	  10%	  (n=7)	  had	  no	  
knowledge	  of	  gluten	  but	  followed	  the	  diet	  anyway,	  8%	  (n=6)	  reported	  following	  a	  GFD	  due	  to	  
family	  history	  of	  CD	  and	  7%	  	  (n=5)	  believed	  that	  eating	  gluten-­‐free	  is	  good.	  	  
	  
All	  participants	  who	  were	  categorized	  to	  group	  two	  were	  excluded	  from	  further	  analysis.	  Type	  
of	  diagnosis	  that	  leads	  to	  a	  gluten-­‐free	  diet	  is	  further	  illustrated	  in	  Table	  2.	  	  
	  
REASONS	  FOR	  FOLLOWING	  A	  GLUTEN-­‐FREE	  DIET	  
Participants	  were	  further	  asked	  about	  their	  motivations	  for	  following	  a	  GFD.	  Fifty-­‐one	  percent	  
(n=	  37)	  reported	  feeling	  better	  when	  they	  ate	  gluten-­‐free,	  44%	  (n=32)	  reported	  following	  the	  
diet	  for	  health	  reasons,	  33%	  (n=24)	  followed	  the	  diet	  under	  the	  advise	  of	  a	  physician,	  26%	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(n=19)	  because	  their	  family	  or	  friends	  follow	  a	  GFD	  and	  22%	  (n=16)	  for	  weight	  loss.	  Table	  3	  
illustrates	  consumers’	  reasons	  for	  following	  a	  gluten-­‐free	  diet.	  	  
	  
A	  bivariate	  correlation	  analysis	  demonstrated	  a	  statistical	  significance	  (p<0.01)	  that	  consumers	  
who	  feel	  better	  when	  they	  follow	  a	  gluten-­‐free	  diet	  or	  who	  were	  advised	  to	  follow	  a	  GFD	  by	  a	  
doctor	  also	  followed	  the	  diet	  for	  health	  reasons.	  There	  was	  also	  a	  statistical	  significance	  
(p<0.01)	  among	  consumers	  who	  followed	  the	  diet	  due	  to	  social	  media	  pressures	  who	  were	  
likely	  to	  also	  follow	  the	  diet	  based	  on	  news/TV	  reports	  that	  advertise	  health	  claims	  of	  the	  
gluten-­‐free	  diet.	  	  At	  the	  same	  time,	  consumers	  who	  followed	  a	  GFD	  due	  to	  social	  media	  
pressures	  were	  also	  likely	  to	  be	  on	  a	  GFD	  because	  other	  family	  members	  were	  on	  the	  same	  diet	  	  
(p<0.05).	  	  
	  
3.3	  Consumer	  Knowledge	  and	  Sources	  of	  Information	  
	  
KNOWLEDGE	  
A	  very	  high	  percentage	  of	  the	  medically	  diagnosed	  participants	  (96.3%,	  n=26)	  successfully	  
answered	  the	  question	  “What	  is	  gluten”	  by	  checking	  the	  correct	  definition:	  “a	  protein	  found	  in	  
wheat,	  rye	  and	  barley”.	  Approximately	  82.6%	  (n=38)	  of	  the	  self-­‐diagnosed	  participants	  
successfully	  answered	  the	  same	  question.	  This	  question	  was	  combined	  to	  calculate	  a	  total	  
knowledge	  score	  for	  the	  participants	  that	  can	  be	  seen	  in	  Table	  4.	  	  
	  
An	  independent-­‐samples	  t-­‐test	  was	  conducted	  to	  compare	  the	  total	  knowledge	  scores	  for	  the	  
medically	  diagnosed	  group	  versus	  the	  self-­‐diagnosed	  group.	  There	  was	  a	  statistically	  significant	  
difference	  in	  scores	  between	  the	  medical	  diagnosis	  group	  (M=	  34.63,	  SD=4.70)	  and	  the	  self-­‐
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diagnosis	  group	  (M=31.41,	  SD=5.01);	  (F=0.28,	  t=2.65,	  df=66,	  p=0.010,	  two-­‐tailed).	  On	  average,	  
participants	  who	  were	  diagnosed	  by	  a	  doctor	  attained	  higher	  knowledge	  scores	  than	  
participants	  who	  were	  self-­‐diagnosed.	  The	  mean	  score	  for	  medically	  diagnosed	  individuals	  was	  
34.63	  ±	  4.70	  whereas	  the	  mean	  score	  was	  31.41	  ±	  5.01	  for	  the	  self-­‐diagnosed	  group.	  	  
	  
PERCEPTION	  
Participants	  were	  asked	  to	  comment	  on	  their	  level	  of	  agreement	  or	  disagreement	  with	  the	  
following	  two	  statements:	  “gluten	  is	  good	  for	  me”	  and	  “wheat	  is	  good	  for	  me”.	  Remarkably,	  the	  
majority	  of	  the	  participants	  perceived	  wheat	  to	  be	  good,	  but	  perceived	  gluten	  to	  be	  bad.	  Of	  the	  
respondents	  38%	  perceived	  wheat	  to	  be	  good	  but	  only	  16%	  alleged	  gluten	  to	  be	  good.	  The	  
complete	  breakdown	  of	  responses	  can	  be	  seen	  in	  Table	  5.	  	  
	  
SOURCES	  OF	  INFORMATION	  
Of	  the	  respondents	  who	  were	  diagnosed	  by	  a	  doctor	  51.9	  %	  (n=14)	  got	  most	  of	  their	  
information	  from	  a	  doctor	  followed	  by	  33.3%	  (n=9)	  from	  Registered	  Dietitians	  and	  29.6%	  (n=8)	  
from	  academic	  journals.	  Respondents	  who	  were	  self-­‐diagnosed	  reported	  obtaining	  most	  of	  
their	  gluten	  information	  from	  the	  Internet	  (65.9%,	  n=27)	  followed	  by	  their	  friends	  (43.9%,	  n=18)	  
and	  books	  and	  magazines	  (41.5%,	  n=17).	  Sources	  of	  information	  that	  consumers	  use	  to	  gather	  
information	  about	  gluten	  are	  illustrated	  in	  Table	  6.	  	  
	  
A	  bivariate	  correlation	  analysis	  showed	  that	  individuals	  who	  obtain	  information	  about	  gluten	  
from	  a	  Registered	  Dietitian	  are	  also	  likely	  to	  search	  for	  information	  in	  academic	  journals	  
(p=0.036)	  and/or	  social	  media	  (p=0.034).	  Individuals	  who	  acquire	  information	  from	  the	  Internet	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may	  also	  get	  information	  from	  their	  friends	  (p=0.003)	  and/or	  books	  and	  magazines	  (p=0.005).	  
There	  are	  also	  some	  consumers	  who	  will	  find	  information	  in	  social	  media	  sources	  as	  well	  as	  the	  
news	  and	  other	  television	  programs	  (p=0.023).	  
	  




Participants	  were	  asked	  to	  answer	  questions	  regarding	  their	  shopping	  behaviors	  for	  both	  gluten	  
and	  non-­‐gluten-­‐free	  items.	  A	  majority,	  98%	  (n=	  60)	  indicated	  shopping	  at	  a	  supermarket	  or	  
grocery	  store,	  43%	  (n=26)	  at	  a	  natural	  or	  health	  store	  and	  38%	  (n=23)	  at	  farmer’s	  markets.	  
There	  was	  no	  statistical	  difference	  between	  the	  physical	  locations	  where	  participants	  purchase	  
regular	  groceries	  and	  gluten-­‐free	  items.	  However,	  when	  shopping,	  thirty-­‐six	  percent	  (n=22)	  of	  
the	  participants	  on	  a	  gluten-­‐free	  diet	  claimed	  to	  purchase	  gluten-­‐free	  products	  100%	  of	  the	  
time.	  	  
	  
In	  response	  to	  the	  follow-­‐up	  question	  when	  I	  do	  buy	  one	  of	  the	  following	  products,	  I	  buy	  the	  
gluten-­‐free	  version”,	  forty-­‐three	  percent	  (n=26)	  of	  respondents	  claimed	  to	  always	  purchase	  the	  
gluten-­‐free	  version	  of	  pasta,	  followed	  by	  gluten-­‐free	  flour	  (36%,	  n=23),	  baked	  goods/cake	  mixes	  
(32%,	  n=21)	  and	  chips	  (32%,	  n=20).	  	  
	  
A	  second	  follow	  up	  question	  aiming	  to	  find	  out	  more	  information	  about	  the	  respondents’	  
purchasing	  behaviors	  asked	  what	  prompts	  participants	  to	  purchase	  gluten-­‐free	  products.	  Sixty-­‐
six	  percent	  (n=40)	  indicated	  purchasing	  gluten-­‐free	  due	  to	  food	  allergies	  or	  intolerances	  and	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51%	  (n=31)	  purchased	  gluten-­‐free	  because	  of	  the	  perceived	  health	  and	  nutritional	  value	  of	  a	  
gluten-­‐free	  diet.	  Consumer	  purchasing	  behaviors	  are	  reported	  in	  Table	  7.	  	  
	  
NUTRITION	  LABEL	  READING	  
Ninety-­‐four	  percent	  (n=58)	  of	  the	  participants	  indicated	  that	  they	  look	  for	  ingredients	  on	  the	  
nutrition	  label	  followed	  by	  if	  product	  is	  healthy	  (83%,	  n=51),	  its	  nutrient	  content	  (80%,	  n=49),	  
calories	  (69%,	  n=43),	  vitamins	  and	  minerals	  (67%,	  n=41),	  gluten-­‐free	  (67%,	  n=41),	  protein	  
content	  (64%,	  n=39),	  fat	  content	  (60%,	  n=37),	  carbohydrate	  content	  (49%,	  n=30)	  and	  number	  of	  
servings	  (34%,	  n=21)	  (Table	  8).	  Further,	  participants	  indicated	  ingredients	  to	  be	  the	  most	  
“extremely	  important”	  feature	  of	  the	  label	  (54%,	  n=33)	  followed	  by	  gluten-­‐free	  (50%,	  n=31)	  and	  
healthy	  (39%,	  n=24).	  The	  top	  three	  “important”	  nutrient	  fact	  categories	  were	  calories	  (55%,	  
n=34),	  nutrient	  content	  (52%,	  n=32)	  and	  fat	  content	  (45%,	  n=28).	  	  
	  
A	  two-­‐way	  between	  groups	  analysis	  of	  variance	  was	  conducted	  to	  explore	  the	  impact	  of	  
medical	  diagnosis	  and	  self-­‐diagnosis	  on	  the	  levels	  of	  importance	  of	  different	  label	  claims.	  There	  
was	  a	  statistically	  significant	  finding	  for	  “vitamins	  and	  minerals”	  [F(35,	  4)	  =2.95,	  p	  =0.040]	  and	  
“gluten-­‐free”	  [F(35,	  4)	  =3.79,	  p	  =0.015],	  which	  can	  be	  seen	  in	  Figure	  3.	  Participants	  who	  were	  
medically	  diagnosed	  reported	  these	  claims	  to	  be	  very	  important	  features	  of	  the	  nutrition	  label	  
in	  contrast	  to	  those	  who	  self-­‐diagnosed.	  	  All	  other	  label	  claims	  did	  not	  reach	  statistical	  







3.5	  Changes	  in	  Dietary	  Behaviors	  and	  Consequences	  of	  a	  GFD	  
	  
DIETING	  HISTORY	  
Dieting	  history	  was	  assessed	  to	  understand	  dietary	  patterns	  of	  consumers.	  Fifty-­‐five	  percent	  
(n=15)	  of	  participants	  who	  reported	  being	  medically	  diagnosed	  dieted	  at	  least	  two	  times	  in	  the	  
past	  and	  had	  tried	  a	  couple	  of	  different	  diets,	  followed	  by	  33.3%	  (n=9)	  who	  only	  dieted	  once	  in	  
their	  life.	  Fifty	  percent	  (n=23)	  of	  the	  participants	  who	  reported	  being	  self-­‐diagnosed	  dieted	  only	  
once	  in	  their	  life	  and	  32.6%	  (n=15)	  claimed	  to	  have	  never	  dieted	  before	  (Table	  9).	  	  
	  
An	  independent-­‐samples	  t-­‐test	  was	  conducted	  to	  compare	  the	  dieting	  history	  of	  consumers	  for	  
the	  medically	  diagnosed	  group	  versus	  the	  self-­‐diagnosed	  group.	  There	  was	  a	  statistical	  
significant	  difference	  in	  dieting	  scores	  between	  the	  medical	  diagnosis	  group	  (M=	  1.7,	  SD=1.07)	  
and	  the	  self-­‐diagnosis	  group	  (M=0.91,	  SD=0.86);	  (F=	  2.79,	  t=3.45,	  df=71,	  p=0.001,	  two-­‐tailed).	  
On	  average,	  the	  medically	  diagnosed	  group	  reported	  dieting	  more	  frequently	  and	  having	  tried	  a	  
variety	  of	  diets	  in	  contrast	  to	  the	  self-­‐diagnosed	  group.	  There	  were	  more	  individuals	  (n=15)	  in	  
the	  medical	  diagnosis	  groups	  that	  reported	  frequently	  dieting,	  which	  gave	  this	  group	  a	  mean	  
average	  of	  1.7	  ±	  1.07	  compared	  to	  the	  self-­‐diagnosed	  group	  whose	  mean	  average	  was	  0.91	  ±	  
0.86.	  	  	  
	  
DIET	  BEHAVIOR	  
Seventy-­‐nine	  percent	  (n=44)	  of	  respondents	  replaced	  gluten	  products	  mainly	  with	  fruits	  and	  
vegetables.	  Of	  the	  forty-­‐four	  respondents	  82.6%	  (n=19)	  were	  medically	  diagnosed	  and	  75.8%	  




Food	  group	  consumption	  also	  varied	  among	  participants.	  Seventy-­‐seven	  percent	  (n=49)	  
reported	  that	  their	  consumption	  of	  carbohydrates	  and	  sweets	  decreased	  after	  starting	  a	  gluten-­‐
free	  diet,	  63%	  (n=35)	  indicated	  that	  consumption	  of	  fruits	  and	  vegetables	  increased	  and	  57%	  
(n=33)	  stated	  that	  consumption	  of	  protein,	  dairy	  and	  fat	  remained	  the	  same.	  Nutritional	  
consequences	  of	  a	  gluten-­‐free	  diet	  is	  illustrated	  in	  Table	  11.	  	  
	  
An	  independent-­‐samples	  t-­‐test	  was	  conducted	  to	  compare	  food	  group	  alterations	  of	  consumers	  
for	  the	  medically	  diagnosed	  group	  versus	  the	  self-­‐diagnosed	  group.	  There	  was	  a	  statistical	  
significant	  difference	  in	  the	  modification	  of	  food	  groups	  between	  the	  medical	  diagnosis	  group	  
(M=	  2.43,	  SD=0.662)	  and	  the	  self-­‐diagnosis	  group	  (M=2.09,	  SD=0.579);	  (F=4.08,	  t=2.06,	  df=54,	  
p=0.044,	  two-­‐tailed).	  The	  main	  difference	  between	  the	  groups	  was	  the	  intake	  of	  protein.	  On	  
average,	  individuals	  who	  were	  diagnosed	  by	  a	  doctor	  reported	  increasing	  their	  dietary	  protein	  




Participants	  were	  also	  asked	  to	  estimate	  the	  number	  of	  servings	  per	  day	  of	  each	  food	  group	  
they	  consume.	  The	  majority	  of	  the	  participants	  estimated	  to	  consume	  between	  1-­‐2	  or	  3-­‐5	  
servings	  per	  day	  for	  most	  food	  group	  categories	  except	  for	  sweets.	  When	  asked	  about	  the	  use	  







3.6	  Adherence	  to	  a	  Gluten-­Free	  Diet	  
	  
CHALLENGES	  FACED	  BY	  PARTICIPANTS	  ON	  A	  GLUTEN-­‐FREE	  DIET	  
	  
When	  participants	  were	  asked	  to	  answer	  how	  they	  felt	  after	  following	  a	  GFD,	  70%	  (n=42)	  
reported	  feeling	  better	  and	  30%	  (n=	  18)	  reported	  no	  changes.	  Adherence	  to	  a	  gluten-­‐free	  diet	  
was	  measured	  through	  a	  series	  of	  questions	  about	  acceptance	  of	  a	  GFD.	  	  Thirty-­‐three	  percent	  
(n=20)	  reported	  that	  adhering	  to	  a	  GFD	  is	  	  “sometimes	  difficult”,	  32%	  (n=19),	  indicated	  “a	  little”	  
difficulty,	  and	  13%	  (n=7)	  reported	  having	  a	  lot	  of	  difficulty.	  	  
	  
In	  response	  to	  whether	  participants	  always	  follow	  a	  GFD,	  35%	  (n=21)	  reported	  “yes,	  
rigorously”,	  38%	  (n=23)	  of	  the	  participants	  reported	  “yes,	  with	  lapses	  and	  27%	  (n=16)	  said	  “no”.	  
Among	  those	  who	  answered	  “yes,	  with	  lapses”:	  
• 39%	  (n=9)	  said	  that	  they	  fail	  to	  follow	  a	  GFD	  more	  than	  once	  a	  week	  	  
• 35%	  (n=	  8)	  failed	  to	  follow	  diet	  less	  than	  once	  a	  week	  
• 17%	  (n=4)	  rarely	  failed	  diet	  (only	  on	  special	  occasions,	  never	  more	  than	  once	  a	  month)	  	  
• 9%	  (n=	  2)	  indicated	  to	  often	  fail	  to	  follow	  a	  GFD.	  	  
	  
An	  independent-­‐samples	  t-­‐test	  was	  conducted	  to	  compare	  adherence	  of	  a	  GFD	  between	  the	  
medically	  diagnosed	  and	  the	  self-­‐diagnosed	  groups.	  There	  was	  a	  statistical	  significant	  difference	  
in	  adherence	  scores	  between	  the	  medical	  diagnosis	  group	  (M=	  5.74,	  SD=4.83)	  and	  the	  self-­‐
diagnosis	  group	  (M=1.67,	  SD=3.09);	  (F=23.57,	  t=4.39,	  df=71,	  p=0.000,	  two-­‐tailed).	  Higher	  
adherence	  scores	  were	  seen	  among	  the	  medically	  diagnosed	  group.	  On	  average,	  individuals	  
with	  a	  medical	  diagnosis	  had	  a	  mean	  score	  of	  5.7	  ±	  4.83,	  which	  is	  an	  indication	  that	  this	  group	  
was	  able	  to	  follow	  a	  GFD	  more	  strictly	  than	  the	  self-­‐diagnosed	  group	  whose	  mean	  was	  1.67	  ±	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3.09.	  The	  majority	  of	  the	  self-­‐diagnosed	  individuals	  (n=27)	  had	  a	  score	  of	  0%	  for	  total	  
adherence	  (Table	  12).	  	  	  
	  
A	  one-­‐way	  between	  groups	  analysis	  of	  variance	  was	  conducted	  to	  explore	  the	  impact	  of	  
medical	  diagnosis	  on	  levels	  of	  adherence.	  Medical	  categories	  were	  divided	  intro	  three	  groups:	  
Celiac	  Disease,	  gluten	  sensitivity	  and	  Irritable	  Bowel	  Syndrome.	  There	  was	  a	  statistically	  
significant	  difference	  at	  the	  p<0.05	  level	  in	  the	  scores	  for	  the	  three	  groups	  [F	  (2,21	  =	  5.49,	  
p=0.012].	  Post-­‐hoc	  comparisons	  using	  the	  Tukey	  HSD	  test	  indicated	  that	  the	  mean	  score	  for	  
Celiac	  Disease	  was	  significantly	  different	  from	  Irritable	  Bowel	  Syndrome	  (p=	  0.010).	  Gluten	  
sensitivity	  did	  not	  differ	  significantly	  from	  either	  CD	  or	  IBS.	  Adherence	  to	  a	  gluten-­‐free	  diet	  by	  
medical	  diagnosis	  category	  is	  illustrated	  in	  Table	  13.	  	  
	  
QUALITY	  OF	  LIFE	  
When	  participants	  were	  asked	  if	  following	  a	  GFD	  makes	  them	  feel	  different	  from	  other	  people	  
37%	  (n=22)	  answered	  sometimes,	  28%	  (n=17)	  said	  rarely,	  18%	  (n=11)	  often,	  12%	  (n=7)	  never	  
and	  5%	  (n=3)	  always.	  Nearly	  70%	  (n=42)	  of	  the	  participants	  did	  not	  feel	  embarrassed	  to	  ask	  for	  
gluten-­‐free	  foods	  when	  they	  are	  out,	  while	  30%	  (n=18)	  answered	  “yes”.	  The	  latter	  reported	  
feeling	  embarrassed	  at	  restaurants	  and	  friends’	  houses.	  For	  group	  activities,	  93%	  (n=56)	  
reported	  not	  giving	  up	  activities	  and	  7%	  (n=4)	  indicated	  that	  they	  did.	  Those	  who	  gave	  up	  group	  
activities,	  reported	  not	  going	  to	  restaurants	  for	  group	  outings	  out	  of	  fear	  of	  cross-­‐









The	  proximity	  of	  the	  college	  campus	  to	  several	  major	  hospitals	  where	  the	  survey	  was	  
administered,	  and	  its	  physical	  location	  in	  an	  inner	  city	  area	  provided	  access	  to	  audiences	  from	  
different	  cultural	  backgrounds,	  levels	  of	  education,	  professions	  and	  age.	  However,	  despite	  its	  
location,	  it	  was	  not	  surprising	  that	  the	  majority	  of	  the	  respondents	  were	  female,	  Caucasian	  and	  
highly	  educated.	  It	  is	  often	  the	  case	  that	  when	  a	  study	  is	  conducted	  through	  a	  self-­‐selecting	  
sample	  that	  the	  majority	  of	  the	  respondents	  will	  be	  female.	  The	  2009-­‐2010	  National	  Health	  and	  
Nutrition	  Examination	  Survey	  (NHANES)	  led	  by	  Digiacomo	  et	  al	  reported	  a	  0.548%	  prevalence	  of	  
persons	  on	  a	  self-­‐reported	  gluten-­‐free	  diet.	  Of	  these	  participants	  the	  majority	  were	  female	  
(51%)	  and	  white	  (66.2%)	  (39).	  In	  a	  similar	  study	  conducted	  in	  Melbourne,	  Australia	  88%	  (n=130)	  
of	  the	  147	  respondents	  who	  completed	  the	  survey	  were	  also	  female	  (41).	  The	  results	  of	  the	  
present	  study	  are	  in	  line	  with	  these	  two	  studies.	  	  In	  recent	  years,	  there	  has	  been	  an	  increase	  in	  
the	  diagnosis	  of	  autoimmune	  disorders	  such	  as	  Celiac	  Disease	  and	  other	  functional	  
gastrointestinal	  conditions	  such	  as	  irritable	  bowel	  syndrome	  particularly	  in	  women	  (12).	  This	  
possibly	  accounts	  for	  the	  increased	  interest	  among	  females	  in	  this	  study.	  A	  combination	  of	  
factors	  that	  include	  epigenetic	  changes	  during	  reproductive	  years	  resulting	  from	  interactions	  
between	  genes	  and	  environmental	  influences	  might	  be	  a	  contributing	  factor	  in	  the	  etiology	  of	  
these	  conditions.	  
	  
Further,	  since	  the	  study	  was	  conducted	  in	  a	  university	  setting,	  there	  was	  an	  increased	  chance	  
that	  the	  target	  audience	  would	  be	  mostly	  educated	  young	  adults.	  Twenty-­‐eight	  percent	  of	  all	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the	  participants	  who	  completed	  the	  survey	  reported	  their	  education	  status	  as	  “some	  college,	  
no	  degree”	  since	  a	  large	  majority	  are	  in	  the	  process	  of	  obtaining	  their	  bachelor’s	  degrees.	  
However,	  it	  is	  important	  to	  point	  out	  that	  the	  majority	  of	  the	  participants	  who	  reported	  
following	  a	  gluten-­‐free	  diet,	  both	  diagnosed	  by	  a	  doctor	  and	  self-­‐diagnosed,	  had	  a	  master’s	  
degree.	  	  
	  
DIETARY	  PRACTICES	  AND	  DIETARY	  DIAGNOSIS	  
With	  the	  increased	  awareness	  of	  gluten	  and	  the	  rising	  market	  of	  gluten-­‐free	  products,	  
consumers	  have	  more	  choices	  than	  ever	  in	  food	  selection.	  As	  the	  literature	  has	  elucidated	  
many	  individuals	  are	  self-­‐diagnosing	  themselves	  with	  gluten	  sensitivity	  and	  making	  the	  decision	  
without	  professional	  advise	  to	  follow	  a	  gluten-­‐free	  diet	  (41).	  The	  present	  study	  confirmed	  that	  
more	  individuals	  are	  indeed	  self-­‐diagnosed	  (63%)	  with	  gluten	  sensitivity	  and	  only	  a	  small	  
percent	  have	  a	  clear	  diagnosis	  of	  CD,	  NCGS	  or	  IBS	  (37%).	  However,	  It	  is	  interesting	  to	  note	  that	  
although	  the	  majority	  of	  the	  individuals	  reported	  a	  medical	  diagnosis,	  there	  were	  individuals	  
who	  were	  diagnosed	  specifically	  with	  gluten	  sensitivity	  by	  other	  health	  professionals.	  In	  the	  
recent	  years,	  more	  chiropractors,	  acupuncturists	  and	  health	  coaches	  have	  been	  diagnosing	  
patients	  who	  show	  some	  symptoms	  of	  NCGS	  or	  IBS	  (61).	  	  
	  
Although	  there	  is	  no	  current	  literature	  that	  demonstrates	  the	  number	  of	  patients	  being	  
diagnosed	  by	  these	  health	  professionals,	  several	  research	  studies	  have	  indicated	  an	  increase	  in	  
individuals	  diagnosed	  with	  NCGS	  or	  IBS	  by	  someone	  other	  than	  a	  medical	  doctor	  (61).	  
Alternative	  medicine	  is	  part	  of	  an	  integrative	  approach	  to	  treating	  patients	  who	  present	  with	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NCGS	  and	  IBS	  symptoms.	  In	  a	  study	  led	  by	  Richard	  Nahas,	  mind-­‐body	  medicine	  was	  discussed	  as	  
an	  approach	  that	  has	  the	  potential	  of	  treating	  these	  patients.	  Techniques	  such	  as	  gut-­‐directed	  
hypnotherapy	  demonstrated	  efficacy	  in	  the	  treatment	  of	  IBS	  (61).	  Other	  approaches	  included	  
cognitive	  behavioral	  therapy,	  meditation,	  mindfulness-­‐based	  stress	  reduction,	  functional	  
relaxation,	  Tai	  Chi	  and	  autogenic	  training.	  All	  of	  these	  approaches	  showed	  positive	  results	  in	  
patients	  with	  NCGS	  and	  IBS	  (61).	  	  
	  
In	  the	  2009-­‐2010	  NHANES	  study,	  Digiacomo	  et	  al,	  demonstrated	  that	  the	  number	  of	  people	  on	  
a	  gluten-­‐free	  diet	  were	  often	  self-­‐diagnosed	  and	  who	  believed	  that	  avoiding	  gluten	  was	  a	  
healthy	  choice	  (39).	  This	  perception	  is	  also	  true	  for	  many	  of	  the	  participants	  who	  participated	  in	  
this	  research	  study.	  Of	  the	  self-­‐diagnosed	  individuals,	  only	  a	  small	  group	  reported	  
physiologically	  feeling	  better	  when	  gluten	  was	  eliminated	  from	  the	  diet.	  The	  majority	  indicated	  
that	  the	  only	  reason	  gluten	  was	  eliminated	  was	  due	  to	  the	  perceived	  health	  benefits	  of	  going	  
gluten-­‐free.	  	  
	  
These	  findings	  are	  also	  supported	  by	  the	  2010-­‐2011	  research	  in	  Melbourne,	  Australia	  where	  
44%	  of	  the	  participants	  reported	  to	  have	  self-­‐diagnosed	  with	  a	  gluten-­‐free	  diet	  and	  only	  21%	  
had	  been	  diagnosed	  by	  a	  medical	  professional	  (41).	  Participants	  in	  the	  Melbourne	  study	  
reported	  following	  a	  gluten-­‐free	  diet	  due	  to	  the	  perceived	  health	  benefits	  of	  avoiding	  gluten.	  
However,	  many	  of	  the	  same	  participants	  reported	  not	  feeling	  any	  physiological	  difference	  after	  
eliminating	  gluten	  from	  their	  diet	  (41).	  These	  results	  demonstrate	  that	  individuals	  are	  likely	  to	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follow	  a	  gluten-­‐free	  diet	  for	  reasons	  other	  than	  a	  medical	  diagnosis,	  and	  will	  continue	  to	  follow	  
the	  diet	  due	  to	  social	  pressures	  even	  if	  they	  do	  not	  benefit	  from	  it.	  	  	  
	  
As	  the	  current	  research	  study	  demonstrated,	  participants	  had	  a	  variety	  of	  reasons	  why	  they	  
chose	  to	  eliminate	  gluten.	  There	  was	  a	  statistically	  significant	  difference	  between	  individuals	  
who	  followed	  a	  gluten-­‐free	  diet	  for	  health	  reasons	  and	  those	  who	  were	  advised	  by	  a	  doctor.	  
There	  was	  also	  a	  significant	  difference	  between	  those	  who	  followed	  the	  diet	  for	  health	  reasons	  
and	  those	  who	  felt	  better.	  These	  results	  demonstrate	  that	  individuals	  who	  do	  show	  
physiological	  symptoms	  of	  a	  gluten-­‐related	  disorder	  will	  benefit	  from	  this	  diet.	  At	  the	  same	  
time,	  there	  was	  a	  negative	  correlation	  between	  individuals	  who	  felt	  better	  after	  following	  a	  
GFD	  or	  who	  were	  told	  to	  follow	  a	  GFD	  by	  a	  doctor	  and	  those	  who	  did	  it	  for	  weight	  loss	  or	  under	  
pressure	  from	  family	  and	  friends.	  These	  results	  confirmed	  that	  individuals	  who	  had	  a	  medical	  
reason	  for	  adhering	  to	  a	  GFD	  were	  less	  likely	  to	  follow	  a	  GFD	  due	  to	  social	  pressures.	  	  
	  
The	  results	  also	  showed	  a	  statistical	  significance	  with	  individuals	  who	  followed	  the	  diet	  based	  
on	  the	  news,	  TV	  and	  other	  social	  media.	  These	  individuals	  are	  more	  likely	  to	  follow	  a	  GFD	  
because	  it	  is	  the	  latest	  fad	  diet	  or	  because	  celebrities	  endorse	  it	  as	  the	  latest	  weight-­‐loss	  diet.	  	  
In	  some	  cases,	  some	  individuals	  followed	  a	  gluten-­‐free	  diet	  because	  other	  family	  members	  
were	  on	  the	  diet.	  These	  results	  exhibited	  that	  families	  may	  proactively	  follow	  a	  GFD	  because	  of	  
social	  pressures,	  but	  more	  likely	  because	  there	  is	  evidence	  that	  some	  gluten-­‐related	  disorders	  




CONSUMER	  KNOWLEDGE	  AND	  SOURCES	  OF	  INFORMATION	  
The	  majority	  of	  the	  respondents	  were	  able	  to	  successfully	  identify	  the	  correct	  definition	  of	  
gluten.	  This	  is	  not	  a	  common	  occurrence,	  as	  the	  average	  individual	  does	  not	  usually	  know	  what	  
gluten	  really	  is.	  However,	  since	  the	  majority	  of	  the	  respondents	  were	  college	  students	  from	  a	  
university	  setting,	  their	  education	  level	  allowed	  them	  to	  successfully	  answer	  this	  question.	  The	  
results	  from	  this	  study	  also	  revealed	  a	  statistical	  significance	  in	  the	  levels	  of	  knowledge	  about	  
gluten	  between	  medically	  and	  self-­‐diagnosed	  individuals.	  Those	  with	  a	  medical	  diagnosis	  
obtained	  higher	  knowledge	  scores	  and	  were	  more	  likely	  to	  have	  stricter	  adherence	  to	  a	  GFD.	  	  
	  
This	  is	  not	  surprising	  since	  the	  only	  treatment	  available	  for	  individuals	  with	  CD	  and	  NCGS	  is	  
strict	  adherence	  to	  a	  gluten-­‐free	  diet	  (5,	  40).	  	  Their	  medical	  diagnosis	  demands	  stricter	  
adherence	  to	  the	  diet	  if	  they	  with	  to	  remain	  asymptomatic.	  In	  order	  to	  follow	  this	  stringent	  
diet,	  individuals	  have	  to	  not	  only	  have	  an	  understanding	  of	  gluten	  and	  gluten	  sources,	  but	  also	  
be	  educated	  on	  possible	  sources	  of	  contamination	  and	  other	  information	  related	  to	  gluten.	  	  For	  
these	  reasons,	  it	  is	  also	  likely	  that	  this	  group	  gathered	  their	  information	  from	  medical	  
professionals	  or	  other	  evidence-­‐based	  sources.	  
	  
Further,	  the	  sources	  of	  information	  that	  individuals	  used	  to	  gather	  information	  about	  gluten	  
plays	  an	  important	  role	  in	  their	  perception	  and	  knowledge	  of	  gluten.	  The	  results	  showed	  a	  
negative	  correlation	  among	  participants	  who	  obtained	  their	  information	  from	  medical	  versus	  
social	  sources.	  Individuals	  who	  obtained	  their	  information	  from	  a	  medical	  professional	  such	  a	  
doctor	  or	  Registered	  Dietitian	  were	  not	  likely	  to	  get	  information	  from	  family,	  friends	  or	  the	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Internet.	  However	  there	  was	  a	  statistical	  significance	  between	  social	  media	  and	  Registered	  
Dietitians	  as	  sources	  of	  information.	  This	  might	  be	  explained	  by	  the	  increased	  use	  of	  social	  
media	  outlets	  by	  Registered	  Dietitians	  to	  decimate	  nutrition	  information	  to	  the	  public.	  	  
	  
The	  results	  also	  showed	  that	  individuals	  who	  use	  social	  sources	  to	  acquire	  information	  about	  
gluten	  are	  more	  likely	  to	  utilize	  the	  Internet,	  books,	  magazines	  and	  their	  friends	  as	  primary	  
sources.	  The	  use	  of	  these	  social	  sources	  may	  be	  the	  reason	  why	  participants	  perceived	  wheat	  to	  
be	  good	  but	  gluten	  to	  be	  bad.	  	  
	  
The	  perceived	  benefits	  of	  eliminating	  carbohydrates	  and	  hence	  gluten	  from	  the	  diet	  to	  achieve	  
weight	  loss	  is	  a	  topic	  that	  has	  received	  much	  attention	  in	  the	  recent	  years	  (62).	  Celebrity	  
endorsement	  of	  a	  GFD	  created	  its	  popularity	  especially	  among	  athletes	  (62).	  Many	  athletes	  
have	  the	  perception	  that	  a	  gluten-­‐free	  diet	  enhances	  performance.	  In	  this	  study	  there	  were	  
several	  respondents	  who	  were	  involved	  in	  competitive	  sports	  who	  reported	  following	  a	  GFD	  to	  
maintain	  weight	  and	  increase	  endurance.	  	  Many	  of	  these	  participants	  were	  self-­‐diagnosed	  
individuals	  who	  gathered	  information	  from	  social	  sources.	  	  A	  similar	  study	  that	  explored	  the	  
experiences	  and	  beliefs	  surrounding	  a	  gluten-­‐free	  diet	  in	  non-­‐celiac	  athletes	  indicated	  that	  the	  
majority	  of	  the	  respondents	  (56.6%)	  reported	  self-­‐diagnosing	  with	  a	  GFD	  and	  obtained	  
information	  primarily	  from	  social	  sources	  such	  as	  the	  Internet,	  trainer/coach	  or	  other	  athletes	  
(57).	  Although	  this	  study	  was	  conducted	  primarily	  on	  athletes,	  the	  results	  correlate	  with	  the	  




PURCHASING	  BEHAVIORS	  OF	  CONSUMERS	  
When	  participants	  were	  asked	  to	  indicate	  what	  prompts	  them	  to	  purchase	  gluten-­‐free	  
products,	  the	  majority	  of	  the	  respondents	  answered	  “food	  allergy	  or	  intolerance”	  as	  the	  main	  
reason	  for	  purchasing	  gluten-­‐free	  foods	  followed	  by	  “health	  and	  nutrition”.	  	  This	  study	  supports	  
the	  findings	  from	  the	  Mintel	  market	  research	  where	  67%	  of	  consumers	  reported	  purchasing	  
gluten-­‐free	  items	  for	  health	  reasons	  (52).	  	  
	  
Although	  there	  was	  no	  statistical	  significance	  between	  these	  findings,	  it	  is	  noteworthy	  to	  point	  
out	  that	  even	  though	  a	  large	  majority	  reported	  allergies	  as	  the	  main	  motivator	  to	  purchase	  
gluten-­‐free	  foods,	  they	  had	  poor	  adherence	  to	  a	  GFD.	  There	  may	  be	  a	  plausible	  explanation	  as	  
to	  why	  consumers	  report	  purchasing	  gluten-­‐free	  but	  having	  low	  adherence.	  Until	  recently,	  
gluten-­‐free	  items	  were	  difficult	  to	  find,	  lacked	  variety	  and	  were	  more	  expensive	  (56).	  The	  
gluten-­‐free	  versions	  of	  common	  items	  such	  as	  pastas	  and	  breads	  had	  low	  palatability,	  which	  
can	  also	  negatively	  impact	  adherence	  to	  a	  GFD.	  	  However,	  in	  the	  recent	  years,	  gluten-­‐free	  items	  
have	  become	  mainstream,	  causing	  prices	  to	  decrease	  and	  giving	  more	  people	  access	  to	  a	  wide	  
variety	  of	  gluten-­‐free	  products.	  At	  the	  same	  time,	  in	  an	  effort	  to	  improve	  palatability	  of	  gluten-­‐
free	  goods,	  these	  items	  are	  now	  highly	  processed	  and	  contain	  high	  amounts	  of	  sugar	  and	  
saturated	  fats	  (48).	  	  
	  
These	  may	  be	  reasons	  why	  when	  consumers	  were	  asked	  to	  report	  the	  frequency	  in	  which	  they	  
purchase	  gluten-­‐free	  items,	  there	  was	  a	  group	  of	  respondents	  who	  indicated	  “never”	  
purchasing	  gluten-­‐free	  foods.	  At	  first,	  it	  was	  assumed	  that	  these	  individuals	  were	  in	  the	  self-­‐
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diagnosed	  group	  who	  reported	  no	  adherence	  to	  the	  diet,	  but	  this	  was	  not	  always	  the	  case	  as	  
the	  results	  showed	  that	  individuals	  with	  a	  medical	  diagnosis	  also	  indicated	  the	  same	  answer.	  
Perhaps	  these	  individuals	  indicated	  that	  they	  “never”	  purchase	  gluten-­‐free	  products	  because	  
they	  replace	  gluten	  with	  other	  naturally	  gluten-­‐free	  sources	  such	  fruits,	  vegetables	  and	  other	  
grains.	  	  
	  
There	  is	  a	  perception	  that	  when	  a	  person	  is	  gluten-­‐free	  that	  the	  only	  way	  to	  shop	  for	  gluten-­‐
free	  foods	  is	  to	  replace	  common	  products,	  especially	  grains	  like	  pasta	  and	  bread	  with	  their	  
gluten-­‐free	  alternatives.	  Many	  of	  these	  alternative	  foods	  are	  generally	  high	  in	  sugar	  and	  other	  
additives	  that	  make	  gluten-­‐free	  the	  opposite	  of	  healthy	  (48).	  Therefore,	  selecting	  natural	  
gluten-­‐free	  products,	  such	  as	  fruits	  and	  vegetables	  and	  other	  grain	  sources	  is	  a	  better	  
alternative	  to	  the	  replacement	  of	  gluten	  products	  with	  gluten-­‐free	  versions	  of	  processed	  foods.	  	  
	  
This	  might	  also	  explain	  why	  the	  majority	  of	  respondents	  reported	  “ingredients”	  to	  be	  the	  most	  
important	  feature	  of	  the	  nutrition	  label	  when	  shopping.	  People	  who	  had	  a	  gluten-­‐related	  
medical	  diagnosis	  were	  more	  likely	  to	  read	  the	  ingredient	  list	  to	  ensure	  that	  the	  items	  being	  
purchased	  are	  indeed	  gluten-­‐free	  thereby	  lowering	  their	  risk	  of	  cross-­‐contamination	  or	  
accidently	  ingesting	  gluten	  and	  having	  an	  adverse	  reaction.	  	  
	  
In	  the	  results	  section,	  “gluten-­‐free”	  and	  “vitamins	  and	  minerals”	  were	  statically	  significant	  
features	  of	  the	  nutrition	  label.	  Individuals	  with	  a	  medical	  diagnosis	  reported	  that	  these	  features	  
of	  the	  nutrition	  label	  were	  the	  most	  important	  to	  them.	  This	  is	  not	  surprising	  since	  this	  group	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must	  adhere	  to	  a	  GFD	  and	  they	  must	  ensure	  that	  the	  ingredients	  of	  the	  product	  being	  
purchased	  were	  not	  cross-­‐contaminated	  during	  the	  manufacturing	  process.	  	  Further,	  drastic	  
changes	  such	  as	  alterations	  or	  deletions	  of	  specific	  food	  groups	  can	  have	  severe	  nutritional	  
consequences.	  For	  these	  reasons,	  participants,	  especially	  those	  diagnosed	  with	  CD,	  NCSG	  and	  
IBS	  who	  are	  at	  risk	  of	  being	  nutritionally	  deficient	  due	  to	  the	  malabsorption	  of	  nutrients	  as	  a	  
result	  of	  gut	  dysbiosis	  that	  exists	  with	  these	  diseases,	  may	  be	  more	  vigilant	  and	  look	  at	  vitamins	  
and	  minerals	  as	  one	  of	  the	  most	  important	  features	  of	  the	  nutrition	  label.	  It	  is	  also	  possible	  that	  
these	  individuals	  look	  at	  the	  micronutrient	  content	  in	  the	  nutrition	  label	  since	  many	  vitamin	  
and	  mineral	  supplements	  contain	  gluten	  and	  therefore	  cannot	  be	  utilized	  as	  a	  source	  for	  
nutrient	  supplementation.	  	  
	  
CHANGES	  IN	  DIETARY	  BEHAVIOR	  AND	  CONSEQUNCES	  OF	  A	  GFD	  
The	  results	  of	  this	  study	  revealed	  a	  statistical	  significance	  in	  dieting	  patterns	  between	  medically	  
and	  self-­‐diagnosed	  individuals.	  There	  were	  more	  frequent	  dieters	  in	  the	  medical	  diagnosis	  
group.	  The	  use	  of	  several	  diets	  among	  this	  group	  may	  be	  explained	  by	  the	  autoimmune	  
classification	  of	  CD.	  More	  often,	  individuals	  diagnosed	  with	  CD	  may	  present	  with	  more	  than	  one	  
autoimmune	  disease	  and	  therefore	  require	  several	  dietary	  restrictions	  (12).	  	  
	  
Another	  potential	  explanation	  is	  the	  overlap	  of	  symptoms	  between	  CD,	  NCGS	  and	  IBS	  in	  
patients.	  Patients	  with	  undiagnosed	  NCGS	  or	  IBS	  may	  attempt	  several	  diets	  before	  going	  on	  a	  
gluten-­‐free	  diet	  since	  evidence	  has	  indicated	  that	  IBS	  could	  be	  a	  precursor	  of	  NCGS	  or	  CD	  (28).	  
It	  is	  also	  possible	  that	  a	  gluten-­‐free	  diet	  alone,	  may	  not	  suffice	  in	  certain	  cases	  and	  the	  use	  of	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other	  diets	  such	  as	  a	  low	  FODMAP	  diet	  may	  be	  necessary.	  As	  the	  researchers	  from	  Monash	  
University	  demonstrated,	  many	  gluten	  containing	  grains	  are	  high	  in	  FODMAPs,	  which	  explains	  
why	  some	  patients	  report	  feeling	  better	  under	  a	  gluten-­‐free	  diet	  and	  others	  reported	  having	  no	  
improvement	  (47).	  Some	  of	  these	  patients	  may	  be	  reacting	  to	  the	  FODMAP	  levels	  of	  other	  
foods	  sources	  and	  not	  necessarily	  the	  gluten	  protein.	  It	  has	  been	  suggested	  that	  NCGS	  is	  
present	  in	  individuals	  with	  IBS	  but	  no	  mechanisms	  have	  been	  elucidated	  (47).	  	  
	  
The	  results	  also	  indicated	  that	  certain	  positive	  dietary	  changes	  could	  simultaneously	  result	  from	  
a	  change	  to	  a	  GFD.	  Participants	  reported	  increasing	  their	  fruit	  and	  vegetable	  intake	  as	  a	  result	  
of	  the	  GFD.	  	  It	  is	  possible	  that	  the	  college	  campus	  setting	  and	  level	  of	  education	  of	  participants	  
contributed	  to	  the	  increase	  in	  overall	  conscientiousness	  of	  fruit	  and	  vegetable	  intake.	  	  
The	  most	  interesting	  result	  of	  the	  study	  was	  the	  statistical	  difference	  in	  protein	  consumption	  
between	  the	  medically	  and	  self-­‐diagnosed	  group.	  There	  is	  no	  current	  evidence	  that	  explains	  
why	  participants	  may	  choose	  to	  increase	  dietary	  protein	  after	  following	  a	  GFD.	  Perhaps	  
individuals	  are	  looking	  for	  other	  protein	  sources	  to	  ensure	  adequate	  intake	  since	  gluten,	  which	  
is	  a	  protein,	  has	  been	  eliminated.	  This	  result	  could	  be	  a	  consequence	  of	  the	  participants’	  level	  
of	  knowledge,	  perception	  and	  sources	  of	  information	  utilized.	  	  
	  
There	  is	  no	  surprise	  that	  there	  are	  several	  nutritional	  consequences	  of	  following	  a	  gluten-­‐free	  
diet.	  Eliminating	  gluten	  from	  the	  diet	  often	  requires	  the	  deletion	  of	  the	  carbohydrate	  food	  
group,	  which	  is	  the	  main	  source	  of	  energy	  production	  in	  the	  body.	  Although	  there	  are	  a	  limited	  
studies	  that	  have	  assessed	  the	  GFD	  in	  respect	  to	  energy	  and	  calorie	  intake,	  there	  are	  some	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speculations	  that	  individuals	  on	  this	  diet	  are	  more	  likely	  to	  replace	  carbohydrate-­‐based	  foods	  
like	  bread	  and	  pasta	  with	  natural	  and	  processed	  foods	  high	  in	  protein	  and	  fat	  (63).	  Further,	  
many	  studies	  have	  revealed	  that	  a	  GFD	  does	  not	  meet	  the	  USDA’s	  recommended	  intake	  of	  6-­‐11	  
servings	  of	  grains	  per	  day.	  The	  lack	  of	  healthy	  carbohydrate	  intake	  also	  contributes	  to	  low	  fiber	  
consumption	  (63).	  
	  
Exclusion	  of	  this	  macronutrient	  can	  lead	  to	  iron,	  zinc,	  vitamin	  A	  and	  vitamin	  B	  deficiencies,	  
especially	  folic	  and	  thiamin	  inadequacies	  (39).	  Several	  of	  these	  micronutrients	  are	  absorbed	  in	  
the	  proximal	  duodenum,	  which	  is	  impaired	  in	  patients	  with	  CD	  and	  sometimes	  in	  patients	  with	  
NCGS	  and	  IBS.	  Though	  vitamin	  B12	  is	  absorbed	  primarily	  in	  the	  ileum,	  there	  are	  some	  studies	  
that	  reported	  B12	  deficiency	  related	  to	  the	  bacterial	  overgrowth	  in	  the	  small	  intestine	  as	  a	  
result	  of	  intestinal	  injury	  (63).	  Vitamin	  A	  deficiency	  appears	  to	  be	  less	  common	  than	  vitamin	  D.	  
Vitamin	  D	  deficiency	  is	  frequently	  seen	  in	  patients	  with	  newly	  diagnosed	  CD	  due	  to	  the	  
malabsorption	  of	  calcium.	  Some	  researchers	  believe	  that	  the	  malabsorption	  of	  calcium	  and	  
vitamin	  D	  are	  due	  to	  coexisting	  lactose	  intolerance	  among	  patients	  diagnosed	  with	  CD	  (63).	  
Folic	  acid	  and	  thiamine	  deficiencies	  can	  also	  be	  seen	  in	  patients	  with	  CD.	  However,	  since	  most	  
grains	  in	  the	  United	  States	  are	  fortified	  with	  B	  vitamins,	  folate	  and	  thiamine	  deficiency	  are	  rare.	  
The	  only	  concern	  is	  with	  gluten-­‐free	  products	  that	  may	  not	  be	  fortified	  with	  these	  vitamins	  (63).	  	  
	  
A	  GFD	  can	  also	  affect	  overall	  body	  composition	  and	  body	  weight.	  Although	  many	  individuals,	  
especially	  those	  who	  are	  self-­‐diagnosed,	  follow	  the	  diet	  for	  weight	  loss,	  there	  are	  population-­‐
based	  studies	  that	  have	  indicated	  an	  increase	  in	  BMI	  and	  obesity	  in	  patients	  with	  CD	  on	  strict	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GFD	  (63).	  In	  a	  study	  with	  679	  patients,	  adherence	  to	  a	  GFD	  led	  to	  an	  increase	  in	  BMI.	  At	  
baseline,	  139	  (20.5%)	  of	  patients	  were	  overweight	  and	  78	  (15.8%)	  were	  obese.	  The	  GFD	  
appeared	  to	  increase	  the	  risk	  of	  overweight	  and	  obesity	  by	  a	  combination	  of	  improved	  
absorption	  and	  the	  high	  calorie	  content	  of	  commercial	  gluten-­‐free	  foods	  (63).	  	  
	  
Extreme	  diets	  can	  have	  some	  alarming	  consequences,	  especially	  when	  food	  groups	  are	  limited	  
or	  eliminated	  (64).	  For	  these	  reasons,	  a	  GFD	  is	  specifically	  advised	  only	  for	  individuals	  who	  have	  
been	  diagnosed	  with	  a	  gluten-­‐related	  disease.	  As	  evidence	  suggests,	  healthy	  individuals	  who	  
eliminate	  gluten	  from	  the	  diet	  may	  reduce	  healthy	  gut	  bacteria	  and	  be	  placed	  at	  risk	  of	  severe	  
gastrointestinal	  problems	  (44).	  	  There	  are	  many	  benefits	  to	  eating	  wheat	  and	  gluten	  that	  may	  
not	  be	  widely	  known.	  Postprandial	  glycemia,	  insulinemia,	  fasting	  triglycerides	  and	  body	  weight	  
reductions	  are	  examples	  that	  having	  been	  reported	  to	  have	  improved	  as	  a	  results	  of	  wheat	  and	  
gluten	  intake	  (64).	  Further,	  improved	  immune	  status,	  lipid	  metabolism	  and	  absorption	  of	  
micronutrients	  have	  improved	  with	  oligofructose	  consumption	  (64).	  Still,	  there	  is	  limited	  
evidence	  regarding	  macronutrient	  consumption	  and	  micronutrient	  deficiency	  in	  individuals	  who	  
are	  medically	  and	  self-­‐diagnosed,	  thus	  more	  research	  is	  necessary	  in	  this	  area.	  	  	  
	  
ADHERENCE	  TO	  A	  GFD	  
Adherence	  to	  a	  GFD	  is	  an	  important	  aspect	  of	  following	  a	  gluten-­‐free	  diet,	  especially	  for	  
individuals	  who	  have	  CD.	  Strict	  adherence	  is	  the	  only	  accepted	  treatment	  to	  prevent	  chronic	  
inflammation	  and	  damage	  to	  the	  villi	  of	  the	  small	  intestine	  caused	  by	  gluten	  (17).	  This	  study	  
determined	  that	  individuals	  who	  have	  been	  diagnosed	  with	  a	  gluten-­‐related	  disorder	  are	  more	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likely	  to	  have	  a	  stricter	  adherence	  as	  evidenced	  by	  higher	  adherence	  scores	  among	  the	  group	  of	  
individuals	  who	  were	  medically	  diagnosed	  as	  opposed	  to	  those	  who	  were	  self-­‐diagnosed.	  	  
Further,	  individuals	  who	  were	  diagnosed	  with	  Celiac	  Disease	  obtained	  higher	  adherence	  scores	  
than	  individuals	  diagnosed	  with	  irritable	  bowel	  syndrome.	  There	  was	  no	  statistical	  significance	  
between	  CD	  and	  NCGS.	  Individuals	  with	  CD	  are	  at	  risk	  of	  damaging	  their	  intestinal	  mucosa	  of	  
the	  small	  intestine	  and	  having	  severe	  nutritional	  deficiencies	  if	  they	  do	  no	  adhere	  to	  a	  GFD.	  On	  
the	  other	  hand,	  individuals	  with	  NCGS	  and	  IBS	  may	  present	  with	  similar	  symptoms	  as	  CD	  but	  
have	  a	  higher	  threshold	  to	  gluten	  tolerance	  (36).	  For	  these	  reasons,	  it	  is	  much	  easier	  for	  
individuals	  with	  NCGS	  and	  IBS	  to	  have	  lapses	  in	  their	  diet	  and	  not	  suffer	  any	  consequences.	  	  
	  
Despite	  these	  findings,	  only	  one	  individual	  in	  the	  medically	  diagnosed	  group	  had	  a	  score	  of	  
100%	  for	  adherence	  to	  a	  gluten-­‐free	  diet	  and	  no	  one	  in	  the	  self-­‐diagnosed	  group	  achieved	  this	  
score.	  Strict	  adherence	  to	  a	  specific	  diet	  is	  challenging	  and	  presents	  with	  several	  obstacles	  
including	  cost,	  nutritional	  value	  and	  social	  constraints.	  The	  results	  of	  this	  study	  are	  supported	  
by	  a	  previous	  study	  that	  aimed	  to	  determine	  the	  rates	  of	  intentional	  and	  unintentional	  non-­‐
adherence	  to	  a	  GFD	  (42).	  In	  this	  cross-­‐sectional	  study,	  only	  28.6%	  (n=287)	  of	  the	  participants	  
reported	  strictly	  adhering	  to	  a	  GFD.	  The	  majority	  of	  the	  participants	  had	  unintentionally	  
consumed	  gluten	  and	  only	  a	  small	  percentage	  reported	  intentionally	  consuming	  gluten	  (42).	  It	  
is	  clear	  that	  adherence	  to	  a	  GFD	  is	  challenging,	  however	  the	  findings	  of	  the	  cross-­‐sectional	  
study	  supports	  the	  current	  findings	  that	  adherence	  to	  a	  GFD	  requires	  education,	  support	  and	  




Many	  individuals	  usually	  eliminate	  gluten	  and	  perceive	  to	  feel	  better.	  However,	  eliminating	  
gluten	  requires	  an	  in	  depth	  knowledge	  of	  gluten-­‐containing	  foods	  that	  are	  suitable	  nutrient	  
dense	  alternatives,	  strict	  purchasing	  behaviors	  and	  understanding	  of	  the	  nutritional	  
consequences	  of	  replacing	  a	  food	  group.	  It	  further	  requires	  nutritional	  education	  to	  be	  able	  to	  
identify	  foods	  that	  do	  not	  contain	  gluten	  that	  can	  be	  included	  in	  the	  diet	  to	  ensure	  adequate	  
macro	  and	  micronutrient	  intakes.	  This	  requires	  a	  great	  deal	  of	  effort	  and	  can	  often	  result	  in	  
lapses	  in	  their	  diet.	  Many	  times	  the	  lapses	  happen	  in	  social	  settings	  where	  gluten-­‐free	  options	  
are	  limited	  or	  at	  restaurants	  where	  individuals	  may	  feel	  intimidated	  or	  embarrassed	  to	  ask	  for	  a	  
gluten-­‐free	  menu.	  Further,	  concerns	  of	  cross-­‐contamination,	  especially	  in	  public	  settings,	  
discourage	  individuals	  from	  following	  and/or	  being	  able	  to	  adhere	  to	  a	  gluten-­‐free	  diet..	  	  
	  
4.2	  Strengths	  and	  Limitations	  
STRENGTHS	  
There	  were	  several	  strengths	  to	  this	  study.	  First,	  to	  the	  knowledge	  of	  the	  researcher	  this	  is	  the	  
first	  time	  that	  a	  study	  has	  been	  conducted	  that	  compared	  knowledge,	  sources	  of	  information,	  
purchasing	  behaviors,	  adherence	  to	  a	  GFD	  and	  the	  nutritional	  consequences	  surrounding	  a	  
gluten-­‐free	  diet	  between	  medically	  and	  self-­‐diagnosed	  individuals.	  	  The	  large	  number	  of	  
participants	  who	  completed	  the	  survey	  allowed	  for	  a	  bigger	  sample	  of	  individuals	  who	  are	  
medically	  diagnosed	  versus	  those	  who	  self-­‐diagnosed	  themselves.	  Further,	  although	  the	  
majority	  of	  the	  respondents	  were	  of	  college	  age,	  this	  age	  group	  and	  setting	  usually	  comprise	  of	  
a	  diverse	  group	  of	  individuals	  who	  have	  tendencies	  to	  diet	  and	  be	  socially	  influenced,	  which	  




In	  addition,	  with	  the	  growing	  number	  of	  individuals	  diagnosed	  with	  CD	  and	  NCGS,	  more	  
university	  settings	  have	  improved	  their	  dining	  facilities	  and	  options	  available	  to	  students	  
allowing	  for	  more	  students	  to	  be	  able	  to	  follow	  a	  gluten-­‐free	  life	  away	  from	  their	  permanent	  
homes.	  This	  setting	  allowed	  the	  study	  to	  capture	  individuals	  who	  are	  medically	  diagnosed	  and	  
survey	  their	  knowledge,	  behaviors	  and	  adherence	  of	  a	  GFD	  in	  a	  location	  where	  individuals	  may	  
face	  a	  host	  of	  social	  pressures.	  	  
	  
LIMITATIONS	  
There	  are	  several	  limitations	  to	  the	  present	  study.	  The	  self-­‐selected	  and	  convenience	  sample	  
was	  not	  representative	  of	  the	  U.S	  population	  in	  that	  they	  were	  mostly	  female,	  Caucasian	  and	  
highly	  educated.	  The	  location	  of	  the	  survey	  also	  limited	  the	  study	  since	  it	  was	  conducted	  at	  one	  
university	  campus,	  which	  is	  also	  not	  a	  true	  indicator	  of	  the	  average	  U.S	  consumer.	  This	  is	  one	  of	  
the	  challenges	  of	  using	  an	  online,	  self-­‐administered	  questionnaire	  to	  collect	  data	  and	  social	  
media	  for	  marketing.	  	  
	  
There	  were	  also	  several	  limitations	  with	  the	  survey	  instrument.	  This	  was	  the	  first	  time	  this	  
instrument	  was	  created	  and	  utilized	  for	  this	  type	  of	  research,	  and	  therefore	  the	  true	  reliability	  
of	  the	  survey	  is	  in	  question.	  There	  were	  also	  issues	  with	  the	  way	  that	  some	  questions	  were	  
phrased.	  For	  example	  when	  asking	  individuals	  to	  identify	  the	  type	  of	  “gluten-­‐free	  products”	  
they	  purchase,	  many	  participants	  may	  have	  understood	  the	  question	  as	  processed	  products	  
and	  not	  included	  fresh	  or	  naturally	  gluten-­‐free	  foods.	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Finally,	  whenever	  a	  research	  asks	  participants	  to	  indicate	  their	  dietary	  habits	  and	  serving	  sizes	  
there	  is	  the	  risk	  of	  under	  or	  over	  reporting.	  When	  participants	  were	  asked	  to	  estimate	  if	  their	  
consumption	  of	  certain	  food	  groups	  had	  increased,	  decreased	  or	  stay	  the	  same,	  the	  perception	  
of	  what	  this	  means	  varies	  greatly	  among	  individuals.	  The	  same	  variability	  exists	  when	  asking	  
individuals	  to	  estimate	  how	  many	  servings	  of	  a	  food	  group	  they	  have	  per	  day.	  It	  is	  very	  difficult	  
for	  people	  to	  give	  accurate	  measures	  and	  to	  know	  what	  the	  individual	  meant	  through	  an	  online	  
questionnaire.	  Although	  these	  limitations	  exist,	  there	  are	  several	  meaningful	  findings	  reported	  
and	  discussed	  within	  this	  document.	  This	  study	  may	  serve	  as	  an	  impetus	  for	  further	  research	  in	  
the	  field	  of	  nutrition	  and	  dietetics.	  	  
	  
5.	  CONCLUSION	  AND	  IMPLICATIONS	  
A	  gluten-­‐free	  diet	  is	  the	  only	  treatment	  currently	  available	  for	  Celiac	  Disease.	  Several	  
individuals	  with	  gluten	  sensitivity	  and	  irritable	  bowel	  syndrome	  may	  benefit	  from	  this	  diet	  but	  
not	  all	  as	  there	  can	  be	  other	  physiological	  and	  agricultural	  factors	  that	  affect	  these	  populations.	  
A	  GFD	  excludes	  the	  protein	  gluten	  that	  is	  found	  in	  grains	  such	  as	  wheat,	  rye	  and	  barley.	  Gluten	  
causes	  inflammation	  of	  the	  small	  intestine	  in	  patients	  with	  CD;	  therefore	  eating	  a	  GFD	  alleviates	  
and	  controls	  these	  symptoms.	  The	  current	  study	  has	  shown	  the	  difference	  in	  perceptions	  and	  
behaviors	  surrounding	  a	  gluten-­‐free	  diet	  between	  medically	  and	  self-­‐diagnosed	  individuals.	  
Despite	  the	  difference	  in	  knowledge	  and	  adherence	  scores,	  both	  groups	  perceive	  gluten	  to	  be	  
undesirable	  but	  reported	  facing	  challenges	  in	  adhering	  to	  a	  GFD.	  Following	  a	  GFD	  may	  be	  
frustrating,	  but	  it	  is	  important	  to	  know	  that	  plenty	  of	  foods	  are	  naturally	  gluten-­‐free	  and	  will	  
provide	  adequate	  micronutrients.	  Examples	  of	  naturally	  gluten-­‐free	  foods	  include:	  rice,	  corn,	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tapioca	  sweet	  potatoes,	  animal	  proteins	  and	  fruits	  and	  vegetables.	  Certain	  grains,	  such	  as	  oats	  
are	  safe	  but	  one	  should	  be	  cautious	  about	  possible	  cross-­‐contamination	  with	  wheat	  or	  other	  
gluten-­‐containing	  products	  during	  certain	  steps	  of	  the	  manufacturing	  process.	  	  
	  
It	  is	  essential	  that	  individuals	  on	  a	  gluten-­‐free	  diet	  understand	  how	  to	  read	  the	  ingredients	  list	  
on	  the	  nutrition	  food	  label	  since	  many	  food	  additives	  such	  as	  malt	  flavorings,	  modified	  food	  
starches	  and	  several	  vitamin	  and	  mineral	  supplements	  may	  contain	  gluten.	  For	  these	  reasons,	  
consumers	  should	  purchase	  foods	  that	  are	  labeled	  gluten-­‐free	  or	  find	  naturally	  gluten-­‐free	  
foods	  such	  a	  fruits,	  vegetables	  and	  other	  grains.	  	  
	  
Individuals	  on	  a	  GFD	  could	  be	  at	  risk	  for	  several	  nutritional	  deficiencies,	  especially	  if	  they	  follow	  
a	  GFD	  without	  the	  guidance	  of	  a	  healthcare	  professional.	  Adverse	  consequences	  of	  the	  GFD	  can	  
have	  multiple	  etiologies	  including	  changes	  in	  distribution	  of	  food	  intake,	  inadequate	  
fortification	  of	  gluten-­‐free	  foods	  and	  individual	  dietary	  practices.	  Since	  the	  avoidance	  of	  gluten	  
restricts	  a	  range	  of	  foods,	  it	  has	  the	  potential	  of	  causing	  severe	  nutritional	  deficiencies	  that	  may	  
compromise	  gut	  and	  overall	  health.	  Education	  and	  nutrition	  counseling	  are	  imperative	  to	  
minimize	  nutritional	  deficiencies	  if	  strict	  adherence	  of	  this	  diet	  is	  expected.	  This	  can	  only	  be	  
achieved	  under	  the	  supervision	  of	  a	  physician	  or	  Registered	  Dietitian.	  Further,	  individuals	  who	  
do	  not	  have	  a	  medical	  diagnosis	  of	  CD,	  NCGS	  or	  IBS	  are	  not	  advised	  to	  follow	  a	  GFD.	  There	  may	  
be	  other	  food	  intolerances	  that	  these	  individuals	  need	  to	  be	  diagnosed	  or	  assessed	  for	  so	  that	  




Currently	  there	  is	  a	  lack	  of	  diagnostic	  criteria	  for	  NCGS,	  however,	  more	  individuals	  are	  self-­‐
diagnosing	  themselves	  and	  following	  a	  GFD.	  A	  conceivable	  explanation	  for	  this	  phenomenon	  
might	  be	  due	  to	  the	  altered	  agricultural	  methods	  in	  food	  production.	  As	  many	  studies	  have	  
elucidated,	  the	  changes	  in	  the	  composition	  of	  wheat,	  milling	  methods,	  use	  of	  fertilizers	  and	  
other	  productions	  methods	  could	  be	  contributing	  to	  the	  rise	  of	  a	  spectrum	  of	  abnormalities	  
that	  include	  NCGS	  and	  IBS.	  It	  is	  possible	  that	  self-­‐diagnosed	  individuals	  experience	  physiological	  
improvements	  when	  they	  eliminate	  gluten	  from	  the	  diet,	  however	  the	  lack	  of	  diagnostic	  criteria	  
can	  result	  in	  individuals	  becoming	  nutritionally	  challenged.	  For	  these	  reasons,	  further	  research	  
is	  essential	  to	  determine	  the	  effects	  of	  gluten	  on	  self-­‐diagnosed	  individuals	  and	  to	  determine	  
appropriate	  diagnostic	  criteria	  for	  CD,	  NCGS	  and	  IBS.	  	  
	  
Although	  some	  individuals	  do	  believe	  that	  they	  are	  addressing	  various	  health	  concerns	  by	  
restricting	  gluten	  intake,	  others	  follow	  a	  GFD	  because	  they	  believe	  it	  to	  be	  a	  means	  to	  lose	  
weight	  or	  purify	  their	  diet.	  With	  dietary	  advice	  coming	  from	  more	  sources	  than	  just	  the	  
qualified	  health	  care	  professionals,	  it	  is	  challenging	  to	  disseminate	  appropriate	  information	  to	  
the	  public.	  	  A	  GFD	  can	  be	  wholesome	  and	  nutrient	  dense	  provided	  they	  are	  well	  planned	  under	  
the	  supervision	  of	  a	  Registered	  Dietitian.	  Thus	  RDs	  play	  a	  crucial	  role	  in	  helping	  the	  public	  
understand	  the	  role	  of	  gluten	  and	  guiding	  patients	  who	  present	  with	  CD,	  NCGS,	  IBS	  as	  well	  as	  




Table	  1.	  Demographic	  characteristics	  of	  study	  population	  surveyed	  for	  GFD	  
analysis
Gender n % n % n %
Male 39 18.0 7 12.5 32 19.7
Female 179 82.0 49 87.5 130 80.2
Age
18-­‐24 116 53.0 29 51.8 87 53.7
25-­‐34 43 20.0 10 17.9 33 20.3
35-­‐44 27 12.0 7 12.5 20 12.3
45-­‐54 19 9.0 8 14.3 11 6.8
55-­‐65 11 5.0 2 3.6 9 5.5
66+ 2 1.0 0 0.0 2 1.2
Race/Ethnicity
Caucasian/White	  (non-­‐Hispanic)
174 80.0 48 85.7 126 77.7
Hispanic	  or	  Latino 6 3.0 0 0.0 6 3.7
Black	  or	  African	  American	  	  	  	  	  	  	  	  	  	  
(non-­‐Hispanic)
9 4.0 1 1.8 8 4.9
Asian/Pacific	  Islander 12 6.0 3 5.4 9 5.5
Native	  American 4 2.0 0 0.0 4 2.5
Other 13 6.0 4 7.1 9 5.5
Education
Some	  High	  School/no	  diploma 2 1.0 0 0.0 2 1.2
High	  School/GED 24 11.0 6 10.7 18 11.1
Some	  college/no	  degree 60 28.0 12 21.4 48 29.6
Associate	  degree 7 3.0 2 3.6 5 3.1
Bachelor's	  degree 59 27.0 13 23.2 46 28.4
Master's	  degree 46 21.0 17 30.4 29 18.0
Professional	  degree 6 3.0 2 3.6 4 2.5
Doctorate 14 6.0 4 7.1 10 6.2
Employment
Employed	  for	  wages 78 36.0 18 32.1 60 37.0
Self-­‐employed 2 1.0 0 0.0 2 1.2
Out	  of	  work 2 1.0 0 0.0 2 1.2
Homemaker 2 1.0 1 1.8 1 0.6
Student 129 59.0 36 64.3 93 57.4
Military 2 1.0 1 1.8 1 0.6
Retired 3 1.0 0 0.0 3 1.8
Marital	  Status
Single,	  never	  married 141 65.0 35 62.5 106 65.4Married	  or	  do estic	  
partnership 65 30.0 15 26.8 50 30.9
Divorced/Separated 10 4.0 6 10.8 4 2.5
Other 2 1.0 0 0.0 2 1.2
Health	  Care	  Professional	  (n=17)**
Medical	  Doctors 1 6.0 0 0.0 1 6.0
Registered	  Dietitian 2 12.0 0 0.0 2 12.0
Nutritionist 1 6.0 1 20.0 0 0.0
Physical	  Therapist 1 6.0 0 0.0 1 6.0
Chiropractor 1 6.0 0 0.0 1 6.0
Other 11 65.0 4 80.0 7 41.2
*Some	  participants	  who	  reported	  using	  a	  GFD	  opted	  out	  from	  completing	  demographic	  information






















Table	  2.	  Diagnosis	  status	  of	  respondents	  to	  GFD	  survey	  
n %
Diagnosis	  (n=73)
Medical	  Doctor 27 37
Self-­‐Diagnosed 46 63
Medical	  Diagnosis	  Category	  (n=24)*
Celiac	  Disease 9 12
Gluten	  Sensitivity 8 11
Irritable	  Bowel	  Syndrome 7 10
Other	  Health	  Professional	  (n=3)**
Chiropractor 2 66.7
Acupuncturist 1 33.3
*	  Percentages	  do	  not	  add	  up	  to	  100%	  because	  there	  were	  other	  
categories	  in	  the	  question	  that	  were	  excluded	  from	  analysis



















Table	  3.	  Correlation	  analysis	  regarding	  reasons	  for	  following	  a	  gluten-­free	  diet	  by	  surveyed	  participants
I	  feel	  better	  
when	  I	  eat	  
gluten-­‐free




















I	  feel	  better	  when	  I	  eat	  gluten-­‐free
1 0.165 -­‐0.004 -­‐0.114 0.166 0.116 0.430 C -­‐0.073
I	  was	  told	  to	  eat	  gluten-­‐free	  by	  a	  
doctor
0.165 1 -­‐0.209 -­‐0.173 0.061 0.168 0.322 b -­‐0.018
My	  friends	  eat	  gluten-­‐free -­‐0.004 -­‐0.209 1 -­‐0.139 -­‐0.050 -­‐0.035 -­‐0.063 -­‐0.159
My	  family	  eats	  gluten-­‐free -­‐0.114 -­‐0.173 -­‐0.139 1 0.141 0.253
a -­‐0.195 0.100
News/TV/Media	  says	  gluten-­‐free	  is	  
good
0.166 0.061 -­‐0.050 0.141 1 0.702 C 0.021 0.114
Social	  Media	  says	  gluten-­‐free	  is	  good 0.116 0.168 -­‐0.035 0.253
a 0.702 C 1 0.133 0.222
Health	  Reasons 0.430
C 0.322 b -­‐0.063 -­‐0.195 0.021 0.133 1 -­‐0.001
Weight-­‐loss -­‐0.073 -­‐0.018 -­‐0.159 0.100 0.114 0.222 -­‐0.001 1
n=73
a=Bivariate	  correlation	  analysis	  statistical	  significance	  p<0.05
b=Bivariate	  correlation	  analysis	  statistical	  significance	  p<0.01























Table	  4.	  Mean	  gluten	  knowledge	  scores	  for	  survey	  participants	  
following	  a	  GFD
Knowledge	  Score	  (n=68)
p-­‐value	  	  	  	  	  	  	  	  	  
(p	  <0.05)
Mean	  ±	  St.	  Dev. 0.01a
Knowledge	  Scores n % n % 0.009b
100%	  (43) 0 0 0 0
90-­‐99%	  (39-­‐42) 6 22.2 5 12.2
80-­‐89.9%	  (35-­‐38) 10 37.0 6 14.6
70-­‐79.9%	  (31-­‐34) 6 22.2 10 24.4
60-­‐69.9%	  (26-­‐30) 3 11.1 16 39.1
50-­‐59.9%	  (22-­‐25) 2 7.4 3 7.3
0-­‐49.9%	  (0-­‐21) 0 0 1 2.4
n=68
a	  =	  	  Independent	  sample	  t-­‐test	  statistical	  significance	  p<0.05	  @95%	  confidence	  level
b	  =	  Mann-­‐Whitney	  U	  test	  statistical	  significance	  p<0.05
Medical	  Diagnosis	  (n=27) Self-­‐Diagnosis	  (n=41)













Table	  5.	  Perceptions	  of	  wheat	  and	  gluten	  from	  a	  survey	  of	  
of	  individuals	  following	  a	  GFD
Mean	  ±	  	  	  	  	  
St.	  Dev.
n %
Mean	  ±	  	  	  	  	  
St.	  Dev.
n %
Wheat	  Perception	  (n=68)* 2.37±1.30 3.07±1.08
Strongly	  Agree 1 3.7 0 0.0
Agree 6 22.2 19 46.3
Neutral/Not	  Sure 5 18.5 12 29.3
Disagree 5 18.5 4 9.8
Strongly	  Disagree 10 37.0 6 14.6
Gluten	  Perception	  (n=68)* 2.07±1.11 2.46±1.00
Strongly	  Agree 0 0.0 0 0.0
Agree 4 14.8 7 17.1
Neutral/Not	  Sure 5 18.5 13 31.7
Disagree 7 25.9 13 31.7
Strongly	  Disagree 11 40.7 8 19.5
n=68
*Perception	  that	  wheat/gluten	  is	  good
No	  statistical	  significance
Cross-­‐tabulation

































I	  did	  not	  get	  
any	  
information
Medical	  Doctor 1 0.187 0.076 -­‐0.153 0.196 0.001 0.213 -­‐0.151 0.038 -­‐0.185
Registered	  Dietitian 0.187 1 0.255 a -­‐0.069 -­‐0.125 0.053 0.258 a -­‐0.148 -­‐0.028 -­‐0.114
Academic	  Journal 0.076 0.255 a 1 0.107 -­‐0.025 0.067 0.135 -­‐0.107 0.223 -­‐0.109
Friends -­‐0.153 -­‐0.069 0.107 1 0.043 0.121 0.232 0.351 b 0.394 C -­‐0.174
Family 0.196 -­‐0.125 -­‐0.025 0.043 1 0.088 0.178 0.087 0.132 -­‐0.144
News/TV/Media	   0.001 0.053 0.067 0.121 0.088 1 0.275 a 0.176 0.197 -­‐0.073
Social	  Media 0.213 0.258 a 0.135 0.232 0.178 0.275 a 1 0.113 0.099 -­‐0.061
Internet -­‐0.151 -­‐0.148 -­‐0.107 0.351 b 0.087 0.176 0.113 1 0.335 b 	  -­‐0.265 a
Books	  and	  Magazines 0.038 -­‐0.028 0.223 0.394 C 0.132 0.197 0.099 0.335 b 1 -­‐0.185
I	  did	  not	  get	  any	  
information
-­‐0.185 -­‐0.114 -­‐0.109 -­‐0.174 -­‐0.144 -­‐0.073 -­‐0.061 	  -­‐0.265 a -­‐0.185 1
n=68
a=Bivariate	  correlation	  analysis	  statistical	  significance	  p<0.05
b=Bivariate	  correlation	  analysis	  statistical	  significance	  p<0.01




























Table	  7.	  Consumer	  rationale	  for	  purchasing	  gluten-­free	  products
What	  prompts	  to	  purchase	  GF
Mean	  ±	  	  	  	  	  	  	  	  	  
St.	  Dev.
n %
Mean	  ±	  	  	  	  	  	  
St.	  Dev.
n %
Food	  Allergy/Intolerance 0.79±0.41 19 79.2 0.57±0.50 21 56.8
Health	  &	  Nutrition 0.45±0.51 11 45.8 0.54±0.51 20 54.1
Other* 1.29±1.60 12 50 0.81±1.02 18 48.6
n=61
*Product	  cost,	  sensory	  appeal,	  shelf-­‐life,	  production	  method
No	  statistical	  significance
Cross-­‐tabulation
















Self-­‐Diagnosis	  	  	  	  	  	  
(n=37)
Label	  Claims
Mean	  ±	  St.	  Dev. 	  Mean	  ±	  St.	  Dev.
p-­‐value	  
(p<0.05)
Vitamins	  and	  Minerals 3.71	  ±1.12 3.65	  ±0.79 0.04 a
Gluten-­‐Free 4.71	  ±0.69 3.54	  ±1.26 0.015 a
Ingredients 4.58	  ±0.50 4.43	  ±0.65 NS*
Healthy 4.13	  ±0.90 4.19	  ±0.88 NS*
Nutrient	  Content 3.75	  ±1.26 4.11	  ±0.66 NS*
Calories 3.42	  ±	  1.25 3.76±0.86 NS*
Protein	  Content 3.63	  ±1.17 3.70	  ±1.05 NS*
Fat	  Content 3.46	  ±1.29 3.41	  ±1.09 NS*
Carbohydrate	  Content 3.25	  ±1.26 3.43	  ±1.04 NS*
Number	  of	  Servings 2.88	  ±	  1.19 3.05	  ±	  0.94 NS*
n=61
a	  =	  Univariate/Two-­‐way	  between	  groups	  ANOVA	  statistical	  significance	  p<0.05
*NS	  =	  No	  statistical	  significance	  
Table	  8.	  Differences	  in	  the	  importance	  of	  food	  product	  label	  between	  




















Mean	  ±	  St.	  Dev. 0.001a
Dieting	  Score n % n % 0.001b
0	  =Never	  dieted 3 11.1 15 32.6
1	  =Once/Follow	  
one	  diet
9 33.3 23 50.0
2-­‐4	  =	  Different	  
Times/Diets
15 55.5 8 17.4
a	  =	  	  Independent-­‐samples	  t-­‐test	  statistical	  significance	  p<0.05	  @95%	  confidence	  level
b	  =	  Mann-­‐Whitney	  U	  test	  statistical	  significance	  p<0.05
1.7±1.07 0.91±0.86

















Table	  10.	  Products	  purchased	  and	  used	  by	  consumers	  to	  replace	  gluten
Products	  
Mean	  ±	  	  	  	  	  	  	  	  
St.	  Dev.
n %
Mean	  ±	  	  	  	  	  	  	  	  
St.	  Dev.
n %
Anything	  labeled	  GF 0.52±0.51 12 52.2 0.39±0.50 13 39.4
Only	  GF	  brand	   0.35±0.49 8 34.8 0.24±0.44 8 24.2
Other	  grains 0.65±0.49 15 65.2 0.61±0.50 20 60.6
Meat	  products 0.48±0.51 11 47.8 0.45±0.51 15 45.5
Diary	  products 0.26±0.45 6 26.1 0.48±0.51 16 48.5
Fruits	  and	   0.83±0.39 19 82.6 0.76±0.44 25 75.8





















Table	  11.	  Changes	  in	  dietary	  patterns	  as	  reported	  by	  survey	  participants	  following	  a	  GFD





















Proteins 2.43	  ±	  0.662 12	  (52.2) 9	  (39.1) 2	  (8.7) 2.09	  ±	  0.579 7	  (21.2) 22	  (66.7) 4	  (12.1)
0.04a	  
0.033b
Dairy 1.96	  ±	  0.706 5	  (21.7) 12	  (52.2) 6	  (26.1) 2.03	  ±	  0.684 8	  (24.2) 18	  (54.5)	   7	  (54.5) NS*
Carbs 1.30	  ±	  0.635 2	  (8.7) 3	  (13.0) 18	  (78.3) 1.24	  ±	  0.435 0	  (0.0) 8	  (24.2) 25	  (75.8) NS*
Fruits	  and	  
Vegetables
2.65	  ±	  0.487 15	  (65.2) 8	  (34.8) 0	  (0.0) 2.61	  ±	  0.496 20	  (60.6) 13	  (39.4) 0	  (0.0) NS*
Fats 1.87	  ±	  0.694 4	  (17.4) 12	  (52.2) 7	  (30.4) 1.85	  ±	  0.619 4	  (12.1) 20	  (60.6) 9	  (27.3) NS*
Sweets 1.52	  ±	  0.730 3	  (13.0) 6	  (26.1) 14	  (60.9) 1.30	  ±	  0.467 0	  (0.0) 10	  (30.3) 23	  (69.7) NS*
n=56
a	  =	  	  Independent	  sample	  t-­‐test	  statistical	  significance	  p<0.05	  @95%	  confidence	  level
b	  =	  Mann-­‐Whitney	  U	  test	  statistical	  significance	  p<0.05
*NS=not	  significant
3-­‐point	  Likert	  scale








Table	  12.	  Mean	  adherence	  and	  quality	  of	  life	  scores	  for	  survey	  
participants	  following	  a	  GFD
Total	  Adherence
p-­‐value	  	  	  
(p	  <0.05)
Mean	  ±	  St.	  Dev.
0.0001a	  
0.001b
Adherence	  Score n % n %
12	  (100%) 1 3.7 0 0.0
11	  (90%) 5 18.5 1 2.2
10	  (80%) 4 14.8 2 4.3
9	  (70%) 3 11.1 1 2.2
8	  (60%) 0 0.0 1 2.2
6-­‐7	  (50%) 1 3.7 1 2.2
5	  (40%) 2 7.4 1 2.2
4	  (30%) 0 0.0 0 0.0
3	  (20%) 0 0.0 1 2.2
2	  (10%) 1 3.7 4 8.7
1	  (1-­‐9.9%) 2 7.4 7 15.2
0	  (0%) 8 29.6 27 58.7
Quality	  of	  life	  Score
0	  =	  "Excellent" 13 48.1 22 47.8
1	  =	  "Good" 7 25.9 21 45.7
2	  =	  "Average" 7 25.9 3 6.5
3	  =	  "Poor" 0 0.0 0 0.0
Mean	  ±	  St.	  Dev.
n=73
a	  =	  	  Independent	  sample	  t-­‐test	  statistical	  significance	  p<0.001	  @95%	  confidence	  level
b	  =	  Mann-­‐Whitney	  U	  test	  statistical	  significance	  p<0.001






















Table	  13.	  Mean	  adherence	  score	  to	  a	  gluten-­free	  diet	  by




p-­‐value	  	  	  	  
(p	  <0.05)
Mean	  ±	  St.	  Dev. 2.14±3.53
0.012a	  
0.010b
a	  =	  	  One-­‐way	  analysis	  of	  variance	  (ANOVA)	  statistical	  significance	  p<0.05
b	  =Post	  Hoc	  Tests	  statistical	  significance	  between	  Celiac	  Disease	  and	  Irritable	  Bowel	  Syndrome	  p<0.05

































Figure	  2.	  Flow	  chart	  demonstrating	  how	  survey	  participants	  were	  categorized	  







































































































































c.         d. 
 
Respondents who reported to be neutral/not sure: 
-Gluten-free: 0% medically diagnosed and 29.7% self-diagnosed 
-Vitamins and mineral: 29.2% medically diagnosed and 21.6 self-diagnosed 
Figure	  3.	  Perceptions	  of	  the	  importance	  of	  nutrition	  labels	  is	  statistically	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I	  am	  inviting	  you	  to	  participate	  in	  a	  research	  study	  created	  to	  further	  understanding	  about	  gluten,	  a	  
protein	  found	  in	  wheat,	  rye	  and	  barley.	  	  Involvement	  in	  the	  study	  is	  completely	  voluntary,	  and	  you	  may	  
choose	  whether	  or	  not	  to	  participate.	  There	  will	  be	  no	  penalty	  in	  the	  refusal	  to	  participate,	  and	  
participants	  may	  discontinue	  participation	  at	  any	  time	  without	  penalty.	  All	  research	  protocols	  have	  been	  
approved	  by	  the	  Syracuse	  University	  Institutional	  Review	  Board.	  All	  risks	  or	  discomfort	  to	  the	  subject	  as	  
a	  result	  of	  the	  study	  are	  outline	  below.	  	  	  All	  participants	  will	  be	  asked	  to	  fill	  out	  an	  online	  survey	  of	  35-­‐40	  
questions.	  This	  survey	  will	  take	  you	  approximately	  10-­‐15	  minutes	  of	  your	  time.	  The	  survey	  will	  include	  
dietary	  behavior	  questions	  followed	  by	  basic	  demographic	  questions.	  	  The	  survey	  will	  be	  available	  online	  
between	  January	  and	  February	  2015.	  All	  information	  will	  be	  kept	  strictly	  confidential.	  The	  risks	  to	  
participants	  from	  the	  research	  protocol	  are	  minimal	  but	  not	  absent.	  Answering,	  35-­‐40	  consecutive	  
questions	  on	  dietary	  practices	  may	  create	  a	  new	  awareness	  of	  food	  consumption,	  which	  may	  cause	  
distress	  to	  some	  individuals	  who	  have	  dietary	  issues.	  	  Since	  the	  research	  is	  being	  conducted	  
electronically,	  it	  is	  vital	  that	  the	  participants	  understand	  the	  risks	  that	  come	  with	  electronic	  
confidentiality	  and	  data	  security.	  “Whenever	  one	  participates	  in	  research	  where	  data	  is	  transmitted	  
electronically	  through	  e-­‐mail,	  smartphones,	  or	  the	  Internet;	  there	  is	  always	  the	  risk	  of	  compromising	  
privacy,	  confidentiality	  and/or	  anonymity.	  Your	  confidentiality	  will	  be	  maintained	  to	  the	  degree	  
permitted	  by	  the	  technology	  being	  used.	  It	  is	  important	  for	  you	  to	  understand	  that	  no	  guarantees	  can	  be	  
made	  regarding	  the	  interception	  of	  data	  sent	  via	  electronic	  venues	  by	  third	  parties.”	  	  	  To	  help	  minimize	  
the	  risks	  associated	  with	  electronic	  data	  collection,	  Qualtrics	  uses	  Transport	  Layer	  Security	  (TLS)	  
encryption	  for	  all	  transmitted	  data.	  All	  data	  stored	  with	  Qualtrics	  are	  done	  so	  through	  data	  centers	  that	  
are	  SSAE-­‐16	  SOC	  II	  certified.	  All	  data	  at	  rest	  are	  encrypted,	  and	  data	  on	  depreciated	  hard	  drives	  are	  
destroyed	  by	  U.S	  DOD	  methods	  and	  delivered	  to	  a	  third-­‐party	  destruction	  service.	  
	  	  
Contact	  Information:	  If	  you	  have	  any	  questions,	  concerns,	  complaints	  about	  the	  research,	  contact	  the	  
primary	  investigator,	  Sara	  A.	  Quinteros-­‐Fernandez	  at	  saquinte@syr.edu	  or	  faculty	  advisor	  Dr.	  Sudha	  Raj	  
at	  sraj@syr.edu.	  If	  you	  have	  any	  questions	  about	  your	  rights	  as	  a	  research	  participant,	  or	  if	  you	  have	  
questions,	  concerns,	  or	  complaints	  that	  you	  wish	  to	  address	  to	  someone	  other	  than	  the	  investigator,	  or	  
if	  you	  cannot	  reach	  the	  investigator,	  contact	  the	  Syracuse	  University	  Institutional	  Review	  Board	  at	  315-­‐
443-­‐3013.	  
	  	  
Once	  you	  have	  fully	  read	  and	  understood	  the	  risks	  outlined	  in	  the	  consent	  form,	  please	  click	  the	  “print”	  
button	  below	  to	  print	  a	  copy	  of	  the	  consent	  text	  for	  your	  records.	  
	  	  	  
☐By	  checking	  this	  box	  I	  confirm	  that	  all	  of	  my	  questions	  have	  been	  answered,	  I	  am	  18	  years	  of	  age	  or	  
older,	  and	  I	  wish	  to	  participate	  in	  this	  research	  study.	  I	  have	  printed	  a	  copy	  of	  the	  consent	  form	  for	  my	  
records,	  and	  understand	  the	  risks	  outlined	  above.	  By	  checking	  this	  box,	  I	  understand	  my	  rights	  as	  a	  















o Other	  (specify)____________	  
	  
2. Have	  you	  ever	  tried	  any	  of	  the	  following	  diets?	  	  
Never	  	  	  	  	  	  	  	  Once	  	  	  	  	  	  	  	  	  	  	  	  	  	  Rarely	  	  	  	  	  	  	  	  	  	  Regularly	  	  	  	  	  	  	  Currently	  Following	  
o Atkins	  Diet	  
o South	  Beach	  Diet	  
o Weight	  Watchers	  
o Jenny	  Craig	  
o Paleo	  Diet	  
o Gluten-­‐Free	  Diet	  
o FODMAP	  Diet	  
o Other	  (specify)____________	  
	  
3. Which	  best	  describes	  your	  use	  of	  a	  Gluten-­‐free	  diet:	  	  
o Never	  	  (0%)	  
o Once	  	  
o Followed	  diet	  a	  couple	  of	  times	  in	  the	  past	  (50%)	  
o Frequently	  follow	  diet	  (75%)	  
o Strictly	  follow	  diet	  (100%)	   	  
	  
4. Which	  best	  describes	  why	  you	  follow	  a	  gluten-­‐free	  diet?	  	  
o Diagnosed	  by	  a	  medical	  doctor	  with	  Celiac	  Disease	   	   	  
o Diagnosed	  by	  a	  medical	  doctor	  with	  Gluten	  Sensitivity	  
o Diagnosed	  by	  a	  medical	  doctor	  with	  a	  wheat	  allergy	  
o Diagnosed	  by	  a	  doctor	  with	  Irritable	  Bowel	  Syndrome	  (IBS)	  
o Diagnosed	  with	  any	  of	  the	  above	  by	  a	  health	  professional	  other	  than	  a	  doctor	  
o Self-­‐diagnosed	  based	  on	  symptoms	  
o Family	  history	  of	  Celiac	  Disease	  
o No	  identification	  of	  symptoms,	  but	  decided	  to	  follow	  a	  gluten-­‐free	  diet	  
o I	  have	  been	  told	  eating	  gluten-­‐free	  is	  good	  
o None,	  I	  have	  not	  been	  told	  anything	  about	  gluten-­‐free	  
	  
A. Please	  indicate	  health	  professional:	  




o Other	  (Specify:	  _______)	  
	  
B. Please	  indicate	  specific	  diagnosis:	  
o Celiac	  Disease	  
o Gluten-­‐Sensitivity	  
o Wheat	  Allergy	  
o Irritable	  Bowel	  Syndrome	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5. Why	  do	  you	  follow	  a	  gluten-­‐free	  diet?	  (Check	  all	  the	  apply)	  
o I	  feel	  better	  when	  I	  eat	  gluten-­‐free	  	  	  
o I	  was	  told	  to	  eat	  gluten-­‐free	  by	  a	  doctor	  
o My	  friends	  eat	  gluten-­‐free	  	  	  
o My	  family	  eats	  gluten-­‐free	  	  	  	  	  	  
o News/TV/Media	  say	  gluten-­‐free	  is	  good	  
o Social	  Media	  says	  gluten-­‐free	  is	  good	  
o Health	  Reasons	  
o Weight-­‐loss	  
o Other	  	  (Specify)____________	  
	  
6. Where	  do	  you	  get	  information	  about	  a	  gluten-­‐free	  diet?	  (Check	  all	  that	  apply)	  
o Medical	  Doctor	   	  
o Registered	  Dietitian	   	  
o Family	  
o Friends	  
o News/TV/Media	   	  
o Social	  Media	  	  
o Internet	  	  
o Books/magazines	  	  	  	  
o Academic	  Journals	  	  	  	  
o I	  did	  not	  get	  any	  information	  
o Other	  (Specify)______________	  
	  
7. What	  is	  gluten?	  
o A	  protein	  in	  wheat,	  rye	  and	  barley	  
o Something	  in	  wheat	  that	  is	  not	  good	  
o A	  protein	  in	  all	  carbohydrates	  
o I	  don’t	  know	  
o Other	  (Specify)______________	  
	  
8. Please	  indicate	  your	  level	  of	  agreement	  or	  disagreement	  with	  the	  following	  statements:	  
Strongly	  Disagree	  	  	  	  	  	  	  Disagree	  	  	  	  Neutral/Not	  sure	  	  	  	  	  Agree	  	  	  	  	  Strongly	  Agree	  
o Wheat	  is	  good	  for	  me	  
o Gluten	  is	  good	  for	  me	  
	  
9. Please	  check	  all	  the	  products	  that	  contain	  gluten:	  
o Flour-­‐based	  products	  (pastas,	  breads,	  muffins,	  cakes)	  
o Cookies	  and	  crackers	  
o Cold	  cereals	  
o Couscous	  
o Oats	  
o Brown	  Rice	  
o Quinoa	  
o Corn/Corn	  starch	  
o Fried	  foods	  
o Dressings,	  gravies	  and	  sauces	  
o Beer/Malt	  
o Soy	  sauce	  
o Beans	  and	  lentils	  
o Seeds	  and	  nuts	  
o Medications	  and	  vitamins	  
o Cosmetic	  products	  (i.e.	  lipstick)	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10. Please	  check	  all	  the	  ingredients/products	  that	  contain	  gluten:	  
o White	  flour	  
o Whole	  wheat	  flour	  
o Durum	  Wheat	  





o Wheat	  Germ	  




o Modified	  food	  starch	  	  
o Corn	  Flour/cornmeal	  
o Potato	  Flour	  
o Tapioca	  Starch	  
o Amaranth	  
o Potato	  Starch	  
o Soy	  Flour	  
o Sweet	  Rice	  
o Almond	  Flour	  
o Guar	  Gum	  
o Buckwheat	  
o Teff	  
o Xanthan	  Gum	  
	  
11. Where	  do	  you	  do	  most	  of	  your	  grocery	  shopping?	  (Check	  all	  that	  apply)	  
o Supermarket/Grocery	  Store	   	  
o Convenience	  Store	  
o Discount/Whole	  Sale	  Store	  
o Farmer’s	  Market	   	  
o Community	  Supported	  Agricultural	  (CSA)	  Programs	  
o Natural/Health	  Food	  Stores	  
o Cooperatives	  
o Other	  (Specify)_______________	  
	   	   	  
12. Where	  do	  you	  shop	  for	  your	  gluten-­‐free	  items?	  (Check	  all	  that	  apply)	  
o Supermarket/Grocery	  Store	   	  
o Convenience	  Store	  
o Discount/Whole	  Sale	  Store	  
o Farmer’s	  Market	   	  
o Community	  Supported	  Agricultural	  (CSA)	  Programs	  
o Natural/Health	  Food	  Stores	  
o Cooperatives	  









13. What	  prompts	  you	  to	  buy	  gluten-­‐free	  products?	  (Check	  all	  that	  apply)	  
o Cost	  of	  product	  
o Sensory	  appeal	  (Taste,	  smell,	  look	  etc)	  
o Quality	  
o Health	  and	  Nutrition	  value	  
o Convenience	  
o Shelf-­‐life	  
o Production	  methods	  (organic	  vs.	  conventional)	  
o Food	  Allergy/Intolerance	  
	  
14. How	  often	  do	  you	  buy	  gluten-­‐free	  products?	  
o I	  ALWAYS	  buy	  gluten-­‐free	  (100%)	  
o I	  REGULARLY	  buy	  gluten-­‐free	  foods	  (75%)	  
o I	  SOMETIMES	  buy	  gluten-­‐free	  foods	  (50%)	  
o I	  RARELY	  buy	  gluten-­‐free	  foods	  (25%)	  
o I	  NEVER	  buy	  gluten-­‐free	  foods	  (0%)	  
	  
15. When	  I	  do	  buy	  one	  of	  the	  following	  products,	  I	  buy	  the	  gluten-­‐free	  version	  
N/A	  	  	  	  	  	  	  Never	  	  	  	  	  Rarely	  	  	  	  	  Sometimes	  	  	  Regularly	  	  	  	  Always	  	  	  	  	  
o Flour	  
o Baked	  Goods	  (e.g.	  cookies,	  pies)	  




o Fermented	  Grain	  Products	  (e.g.	  Beer)	  
o Soy	  Products	  
o Salad	  dressings	  
	  
16. When	  selecting	  food	  products,	  how	  important	  are	  the	  following	  label	  features/claims	  in	  your	  decision?	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Extremely	  	  	  	  	  	  	  	  Unimportant	  	  	  	  	  	  	  Neutral/Not	  	  	  	  	  	  	  Important	   	  	  	  	  	  	  	  Extremely	  
	   	  	  	  	  	  	  Unimportant	   	   	   Sure	   	   	   	  	  	  	  	  	  	  Important	  
o Calories	   	   	  
o Number	  of	  Servings	   	  
o Nutrient	  Content	  	  
o Ingredients	  
o Fat	  Content	  
o Protein	  Content	  
o Carb	  Content	  




17. Have	  you	  had	  difficulty	  accepting	  a	  gluten-­‐free	  diet?	  
o Yes,	  a	  lot	  
o Yes,	  a	  little	  
o Neutral/not	  sure	  
o No,	  but	  sometimes	  it	  is	  difficult	  
o No,	  not	  at	  all	  
	  
18. Do	  you	  feel	  that	  following	  a	  gluten-­‐free	  diet	  makes	  you	  different	  from	  other	  people?	  




19. How	  do	  you	  feel	  since	  being	  on	  a	  gluten-­‐free	  diet	  compared	  to	  before	  you	  followed	  the	  diet?	  
☐Worse	  	  	  	   ☐The	  same	   	   ☐Better	  
	  
20. Do	  you	  always	  follow	  a	  gluten-­‐free	  diet?	  
o Yes,	  rigorously	  
o Yes,	  with	  lapses	  
o No,	  I	  don’t	  follow	  a	  gluten-­‐free	  diet	  
	  
a. If	  yes,	  with	  lapses	  specify:	  
i. Rarely	  (on	  special	  occasions/never	  more	  than	  once	  a	  month)	  
ii. Sometimes	  
☐less	  than	  once	  a	  week	  
☐more	  than	  once	  a	  week	  
iii. Often	  
	  
21. Do	  you	  feel	  embarrassed	  about	  asking	  for	  gluten-­‐free	  foods	  when	  you	  are	  out?	  (i.e.	  at	  a	  restaurant,	  a	  
cafeteria,	  a	  friend’s	  house?)	  
o No	  
o Yes	  (Specify	  activities):_______________	  
	  
22. Have	  you	  given	  up	  any	  group	  activities	  (such	  as	  sports,	  music,	  association	  membership)	  because	  you	  are	  
afraid	  you	  might	  be	  tempted	  not	  to	  follow	  a	  gluten-­‐free	  diet?	  	  
o No	  
o Yes	  (Specify	  activities):_______________	  
	  
23. What	  type	  of	  items	  do	  you	  buy	  to	  replace	  wheat	  and	  other	  gluten	  foods?	  (Check	  all	  that	  apply)	  
o Any	  item	  labeled	  gluten-­‐free	  
o Only	  specific	  gluten-­‐free	  brand	  names	  
o Other	  grains	  (e.g.	  corn	  and	  rice)	  
o Meat	  products	  
o Dairy	  products	  
o Fruits	  and	  vegetables	  
o Other	  (Specify)______________	  
	  
24. How	  have	  the	  following	  groups	  changed	  in	  your	  diet	  since	  starting	  a	  gluten-­‐free	  diet?	  (example:	  are	  you	  
eating	  more,	  less	  or	  about	  the	  same	  amount	  of	  meat	  as	  before?)	  	  
	  
☐Increased	   ☐Stay	  the	  same	   	  ☐Decreased	  
	   Protein	  (meat,	  fish,	  poultry)	  
	   Dairy	  (Milk,	  yogurt,	  cheese)	  
	   Carbohydrates	  (breads,	  cereals,	  pasta)	  
	   Fruits	  and	  Vegetables	  
	   Fat	  (butter,	  oil,	  dressings)	  












25. How	  many	  times	  each	  day	  do	  you	  have	  the	  following	  items?	  	  
a. Starch	  (breads,	  cereals,	  pasta,	  rice,	  noodles,	  potatoes)	  
☐Never	   ☐1-­‐2	   ☐3-­‐5	   ☐6-­‐8	   ☐9-­‐11	  
	  
b. Fruit	  
☐Never	   ☐1-­‐2	   ☐3-­‐5	   ☐6-­‐8	   ☐9-­‐11	  
	  
c. Vegetables	  
☐Never	   ☐1-­‐2	   ☐3-­‐5	   ☐6-­‐8	   ☐9-­‐11	  
	  
d. Dairy	  (milk,	  yogurt,	  cheese)	  
☐Never	    ☐1-­‐2	   ☐3-­‐5	   ☐6-­‐8	   ☐9-­‐11	  
	  
e. Meat,	  fish,	  poultry,	  eggs	  
☐Never	   ☐1-­‐2	   ☐3-­‐5	   ☐6-­‐8	   ☐9-­‐11	  
	  
f. Fat	  (butter,	  margarine,	  mayo,	  oil,	  salad	  dressing,	  sour	  cream)	  
☐Never	   ☐1-­‐2	   ☐3-­‐5	   ☐6-­‐8	   ☐9-­‐11	  
	  
g. Sweets	  (candy,	  cake,	  regular	  soda,	  juice)	  
☐Never	   ☐1-­‐2	   ☐3-­‐5	   ☐6-­‐8	   ☐9-­‐11	  
	  
	  
26. Do	  you	  take	  any	  vitamin	  	  and/or	  herbal	  supplements?	  	  
o No	  






28. What	  is	  your	  age	  range?	  






o 66	  and	  above	  
	  
29. With	  which	  racial	  or	  ethnic	  group	  do	  you	  identify?	  
o Caucasian/White	  (non-­‐Hispanic)	   	  
o Hispanic	  or	  Latino	  
o Black	  or	  African	  American	  (non-­‐Hispanic)	   	  
o Asian	  /	  Pacific	  Islander	  
o Native	  American	  	  









30. What	  is	  the	  highest	  level	  of	  education	  you	  have	  completed?	  
o Some	  high	  school,	  no	  diploma	  
o High	  school	  diploma	  or	  equivalent	  (GED)	  
o Some	  college,	  no	  degree	  
o Trade/technical/vocational	  training	  
o Associate	  degree	  
o Bachelor’s	  degree	  
o Master’s	  degree	  
o Professional	  degree	  
o Doctorate	  
	  
31. What	  is	  your	  marital	  status?	  
o Single,	  never	  married	  






32. Employment	  status:	  Are	  you	  currently…?	  
o Employed	  for	  wages	  
o Self-­‐employed	  
o Out	  of	  work	  and	  looking	  for	  work	  
o Out	  of	  work	  but	  not	  currently	  looking	  for	  work	  
o A	  homemaker	  
o A	  student	  	  
o Military	  
o Retired	  
o Unable	  to	  work	  
	  









o Graduate	  student	  
	  
B. Are	  you	  a	  health	  care	  professional?	  
o Yes	  
o No	  
a. If	  yes,	  which	  type?	  
o Medical	  Doctor	  
o Register	  Dietitian	  Nutritionist	  
o Nutritionist	  




o Other	  health	  profession	  (Specify:__________)	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33. What	  is	  your	  current	  living	  situation?	  (Check	  all	  that	  apply)	  
	  
o Dorm	  	  	  
o Other	  on-­‐campus	  housing	  
o Off-­‐campus	  Apartment	   	  
o Off-­‐campus	  House	  
o Other	  (Specify:	  __________)	  
	  
34. 	  Who	  do	  you	  live	  with?	  (Check	  all	  that	  apply)	  
a. Alone	  
b. Other	  adults/Same	  sex	  	   	  
c. Other	  adults/Opposite	  sex	  	  
d. Children	  
e. Other	  (Specify:	  __________)	  
	  




a. Which	  dining	  center	  do	  you	  frequent	  the	  most?	  
	  
	  











































Table	  8A-­Full	  Table:	  Differences	  in	  the	  importance	  of	  food	  product	  label	  claims	  between	  individuals	  with	  either	  a	  medical	  or
	  self-­diagnosis	  of	  a	  gluten-­free	  diet




Label	  Claims MD SD MD SD MD SD MD SD MD SD
Vitamins	  and	  Minerals 3.67	  ±0.93 0.04 a 6	  (25.0) 2	  (5.4) 9	  (37.5) 24	  (64.9) 7	  (29.2) 8	  (21.6) 0	  (0.0) 2	  (5.4) 2	  (8.3) 1	  (2.7)
Gluten-­‐Free 4.00	  ±1.21 0.015 a 19	  (79.2) 12	  (32.4) 4	  (16.7) 6	  (16.2) 0	  (0.0) 11	  (29.7) 1	  (4.2) 6	  (16.2) 0	  (0.0) 2	  (5.4)
Ingredients 4.49	  ±0.60 NS* 14	  (58.3) 19	  (51.4) 10	  (41.7) 15	  (40.5) 0	  (0.0) 3	  (8.1) 0	  (0.0) 0	  (0.0) 0	  (0.0) 0	  (0.0)
Healthy 4.16	  ±0.88 NS* 8	  (33.3) 16	  (43.2) 13	  (54.2) 14	  (37.8) 2	  (8.3) 5	  (13.5) 0	  (0.0) 2	  (5.4) 1	  (4.2) 0	  (0.0)
Nutrient	  Content 3.97	  ±	  0.95 NS* 8	  (33.3) 9	  (24.3) 8	  (33.3) 24	  (64.9) 4	  (16.7) 3	  (8.1) 2	  (8.3) 1	  (2.7) 2	  (8.3) 0	  (0.0)
Calories 3.62	  ±	  1.04 NS* 4	  (16.7) 5	  (13.5) 11	  (45.8) 23	  (62.2) 2	  (8.3) 4	  (66.7) 5	  (20.8) 5	  (13.5) 2	  (8.3) 0	  (0.0)
Protein	  Content 3.67	  ±1.09 NS* 5	  (20.8) 9	  (24.3) 11	  (45.8) 14	  (37.8) 4	  (16.7) 9	  (24.3) 2	  (8.3) 4	  (10.8) 2	  (8.3) 1	  (2.7)
Fat	  Content 3.43	  ±1.16 NS* 5	  (20.8) 4	  (10.8) 10	  (41.7) 18	  (48.6) 2	  (8.3) 6	  (16.2) 5	  (20.8) 7	  (18.9) 2	  (8.3) 2	  (5.4)
Carbohydrate	  Content 3.36	  ±1.13 NS* 5	  (20.8) 5	  (13.5) 5	  (20.8) 15	  (40.5) 7	  (29.2) 9	  (24.3) 5	  (20.8) 7	  (18.9) 2	  (8.3) 1	  (2.7)
Number	  of	  Servings 2.98	  ±	  1.04 NS* 3	  (12.5) 1	  (2.7) 4	  (16.7) 13	  (35.1) 6	  (25.0) 11	  (29.7) 9	  (37.5) 11	  (29.7) 2	  (8.3) 1	  (2.7)
n=61
a	  =	  Univariate/Two-­‐way	  between	  groups	  ANOVA	  statistical	  significance	  p<0.05
*NS	  =	  No	  statistical	  significance	  
5-­‐point	  Likert	  scale
Medical	  Diagnosis	  (n=24)	  vs	  Self-­‐Diagnosis	  (n=37)
Extremely	  
Unimportant	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
N	  (%)
Extremely	  
Important	  	  	  	  N	  (%)
Important	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
N	  (%)
Neutral/Not	  Sure	  	  	  	  	  	  	  	  	  	  	  	  	  	  
N	  (%)
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